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SUMMARY 
A series of oxadiazolo[3,4-d]pyrirnidine N-oxides has been 
prepared by the thermolysis of azido-nitropyrimidines. 	An 
attempt to similarly prepare a number of oxadiazo1o[3,4-] 
pyrimidin-7(6H)-one 1-oxides was unsuccessful. 	It has been 
demonstrated that oxadiazolo[3 , 4-jpyrimidine N-oxides react 
in general with primary and secondary amines to give the 
corresponding 4-alkylamino-5-nitrosopyrimidines. 	Attempts 
to cyclise some of these nitrosopyrimidines to purine N-oxides, 
N-hydroxypterins, pteridines and other biologically interesting 
molecules was unsuccessful. 	Oxadiazo 1o[ 3 , 4- ]pyrimidin -7 ( 6H) - 
one 1-oxide has been shown to react with primary and secondary 
amines to yield 4-(alkylaminomethylideneamino)-1,2,5-oxadiazole--
3-carboxamide 2-oxides. 	In contrast to 5-dimethylarnino- 
1,2,5-oxadiazolo[3,4-d}pyrimidine 1-oxide the oxadiazolo 
3,.4-dl pyrini:Ldine N--oxides and oxadiazolo [ 3, 4- ]pyrimidin-7 
(611)-one 1-oxide failed to form adducts with nucleophilic 
species (i.e. ethanol, methanol and water). 	Attempts to 
oxidise and reduce the oxadiazolo[3,4-d]pyrimidine N-oxides 
and oxadiazolo[3,4-djpyrimidin-7(6H)-one 1-oxide were likewise 
unsuccessful. 
The attempted synthesis. of 3-N-acylarnino-2-nitropyr.idines 
from 3-amino-2-nitropyridine was unsuccessful. 	The alkylation 
of 3-ethoxycarbonylarnino-2-nitropyridine was achieved using 
a range of alkyl and acyl halides and reductive cyclisation 
of the alkyl and acyl derivatives to N-hydroxypyrido[2,3-] 
pyrazines has been investigated. 	The attempted base-catalysed 
cyclisation of 3-N-acylamino-2--nitropyridines under a variety 
of conditions failed to yield the hoped for imidazo(4,5-1 
pyridine 3-oxides.. 
An attempt to expand the range of known 4-amino-3-hydroxy-
amino-1,2,4-trjazjn-5(4H)-ones was unsuccessful. 	Two 4-amino-- 
3-hydroxyamino-1,2,4-triazin--5(4H) -ones have been shown to 
condense with tethy1 orthoformate to give 1-hydroxy-1,2,4- 
triazo1o[3,2-j-1,2,4-triazin-3(7H)-ones. 	The scope of 
this reaction has been investigated. 	Attempts to find 
alternative methods of converting 4-arnino-3-hydroxyamino-
1,2,4-triazin-5(4H) -ones into 1-hydroxy-1,2,4-triazolo 
[3,2-c]--1,2,4-triazin-3(7H) -ones were unsuccessful. 
Likewise treatment of 4-amino-3-hydroxyarnino-1,2,4-triazin-
5(4H) -ones with suitable carbonyl compounds failed to 
afford the expected 1,2,4-triazino[3,2-c]-1,2,4-triazin-8-
one 4-N.-oxides. 
Various attempts to convert a 2-hydroxyaminopyrimidin--
4 (3H) -one, into 1-hydroxyimidazo[1,2-]pyrimidin-4 (3H) -ones 
and 1-hydroxypyrimido [1 ,2-]pyr'imidin-4 (3H) -ones by conden-
sation with alkyl halides and dicarbonyl compounds failed, 
as did a similar attempt - to convert a 3-hydroxyamin-o-1,2,- 4-
triazin-5(4j-)-one' into a 1-hydroxypyrimido[2,1-1-1,2,4-
triazin-5 (4H) -one. 
Attempts to devise general syntheses of pyrazolo[3,4-).• 
pyrazine 1-oxides and. l -hydroxyimidazo['4,5 - ]pyrazoles by 
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The existence or otherwise of the divalent electron-
deficient nitrogen species known as nitrenium ions (1) as 
intermediates in chemical reactions is at present much 
disputed. Gassman1 has shown that the rearrangement of 
1 + 	2 
R - -R 
(1) 
N-haloamines (such as that of N-chloro-2-azabicyclo[212,21 
octane (2) to 2-methoxy-l-azabicyclo(3,2,l]octane (5)] in 
r-----fluxing methanol is greatly accelerated by the addition 
of silver salts to the reaction mixture. 	He argues that 
this rate enhancement is due to silver ion catalysis of 
rate determining N-Cl bond heterolysis to a nitrenium ion 
intermediate which then suffers fast rearrangement to a 
carbonium ion inte:mediate followed by capture by solvent 
[(2) - (3) + (4) -* (5)] (Scheme 1; path a). 	Gassman 
considers the alternative route to product (Scheme 1; path b) 
involving migration of the C(l) - C(6) bond concerted with 
loss of chloride ion to give the carbenium ion (4),. to be less 
likely, arguing that migration of the C(l) - C(6) bond will 
only occur if an electron-deficient nitrogen species is formed. 
initially. 	Similar rearrangements 2,3  are promoted in acyclic 
N-chloroamines by aluminium trichloride and in such transform-
ations the addition of silver salts is actually found to 
reduce the yield of product. 	For example, N,N-dichloro-l-. 
aminoadamantane (6) is converted by treatment with aluminium 
trichioride into 7-arninomethylbicyclo(3,3,l]nonan-3-one (8) 













a nitreniurn ion intermediate followed by skeletal rearrange-
ment, recapture of chloride ion by the resulting carbenium 
ion, and subsequent hydrolysis of the rearranged dichloride 
(7) formed (Scheme 2). 
Gassrnan 4 and others, 5 have also reported ring, expansions 
and ring contractions of cyclic N-chloroamines which are 
postulated to involve nitrenium ion intermediates'. 
Potentially the most useful of such reactions is the ring 
expansion of the hydroxycyclopropylamine (9). to the -lactam 
(12.) via the intermediacy of the N-chloroamine (10) and the 
presumed nitrenium intermediate (11). 	This type of reaction 
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Edwards has studied electrophilic attack on N-chloro-N-
methyl-2- (3-methoxyphenyl) ethylarnine (13) and N-chloro-N-
methyl-3- (3-methoxyphenyl)propylamine (14)6  and contrary to 
the findings of Gassman has shown these N-chloroamines to 
be inert to solvolvsis at room temperature in the presence 
of silver salts. Moreover thermolysis of the N-chloroamine 
(13) or N-ch1oro-N-methyl-5-aminomethylcyc1oheptene (15) in 












to decomposition of the chioroamine, which could be eliminated 
in the presence of benzoyl peroxide, features characteristic 
of a free radical process. 	On the basis of these results 
-4- 
Edwards concludes that the decomposition of the chioroarnines 
(13)-(15) occurs by N-Cl bond homolysis initiated by traces 
of adventitious radicals and that many other similar reactions 
considered to involve nitrenium ions could involve homolytic 
rather than heterolytic mechanisms. 
Nitrenium ions have also been proposed as intermediates in 
reactions undergone by certain other N-substituted amino 
derivatives. 	For example, the reaction. of the N,N-disub- 
stituted hydrazine (16) with nitrous acid to give the unre-
arranged amine (18) and the rearranged ether (19) is suggested7 
t' involve the bicyclic nitrenium ion intermediate 17). 
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Likewise, N-hydroxycarbinolamines (20) have been shown to 
undergo ring expansion to -lactams (23)8  in a process 
(Scheme 5) which is suggested to involve initial heterolysis 
of the N-0 bond in an N-toluenesulphonyloxy intermediate 
(Scheme 5; (21)]. 	Similarly, 1-hydroxyoxindole (24) has 
















(32a and b) . 	The proposed mechanism for this process 
(Scheme 6) involves heterolysis to a nitreni.um ion inter-
mediate (26) which undergoes delocalisation (26-29) followed 
by solvolysis and rearomatisation to yield the 5-substituted 
oxindoles (32) • 	Also isolated from this reaction are the 
7-substituted oxindoles (31) which are considered to be 
formed in a similar manner. 
An approach which could demonstrate the existence of-
relatively stable nitrenium ions would be to generate a 
nitrenium ion centre in a polyazaheterocyclic framework 
capable of conferring stability by resonance (cf. Scheme 7). 
S 
To this end it was decided to investigate synthetic routes 
to a series of suitable N-oxygenated polyazaheterocycles 
with a view to their utilisation as stable nitrenium ion 
precursors. 	The results of these investigations provide 
the subject material of the following thesis. 
Direct N-oxidation of the parent heterocycle is of 
little general value for the synthesis of N-oxygenated 
polyazaheterocycles because of the uncertainty in the position 
of the N-oxide group in the product. 	Consequently all of the 
synthetic approaches investigated in the present studies were 
based on cyclisation reactions known or expected to lead to 
N-oxygenated heterocycles. 	By way of background to the 
subject material of the thesis, the scope of such processes 
is covered in a brief introductory review. 
1.2 A Review of Cyclisation Reactions Leading to N-Oxygenated 
Heterocycles 
Such cyclisations can be classified under three broad 
headings depending on the nature of. the starting-material, 
namely: 
cyclisations of hydroxyamino and oximino compounds, 
cyclisations of nitroso-compounds, 
cyclisations of nitro-compounds. 
Since reductive cyclisations of nitro-compounds to 
N-oxygenated heterocycles are believed to involve hydroxy-
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1.2.1 	Cyclisation Reactions of Hydroxyamino and Oximino 
Compounds 
Pyrroline 1-N-oxides (35) may be synthesised by mild 
reduction of 1-nitro ketones 
(33)10  using a variety of 
reducing agents the most common of which is zinc and ammonium 
chloride. 	Similarly reduction of 2-nitrobenzyl ketones(36) 
affords the indolenine 1-N-oxides (37) 	Likewise quinoline 
1-N-oxides are prepared by in situ reduction of an ortho-
substituted nitrobenzene to a hydroxyamino-intermediate 
followed by spontaneous cyclisatlon. 	A wide range of 
quinoline 1-N-oxides have been prepared in this way using 
a variety of reducing agents. 	For example, the quinoline 
1-N-oxides (39) and (41) are obtained by reduction of the 
nitrobenzenes (38)12  and (4Q)13  using sodium borohydride and 
hydrogen over palladium-on-charcoal respectively. 	Similarly 
the quinoline 1-N--oxide (43) is obtained in the reduction 
of the nitrobenzene derivative (42)14  (scheme 9) using zinc 
and acetic acid. 	Related to this is the electrochemical 
reduction of 2-nitro-benzylideneacetylacetone (44) to 
3-acetyl-2-methyl-quinoline N-oxide (45) 
15  Likewise Mugnier 
and LaviroJ 6 have recently prepared the diazapyrene di-N- 
- ,-COMe 
COMe CCN 0 2 
(44)  
) 	 COMe 
(45) 
oxide (47) by electrochemical reduction of 2,2 1 -dinitro-6,6'-
dirnethoxycarbonylbiphenyl (46). 	The di-N-oxide (47) has 
also been prepared17 by hydrogenation of the biphenyl 
derivative (46) under acidic conditions. 
Hydroxylamine reacts directly with the unsaturated 
diketones (48) to afford 5H-pyrrole 1-N-oxides (50).18 
Correspondingly acid-catalysed cyclisation of the mono- 
oximes of triketones (51), which can be regarded as analogues 
of the intermediate (49) involved in the transformation 
[(48) -' (50)], gives pyrrolenone 1-N-oxides (52).19 
Likewise pyridine 1-N-oxides (55) are prepared by Lhe 
reaction of glutaconic dialdehydes (53) with hydroxylamine. 20 
Pyrylium salts (54) also react with hydroxylamine to afford 
pyridine 1-N-o:ides (55)21  as does haPnopA14cda/de/9dI. (56) 
to afford isoquinoline 2-N-oxide (57). 	A.Ll of these 
reactions involve nucleophilic condensation of hydroxylamine 
with a carbonyl group or at the cx-position of a pyrylium 
ring to give an oxime which ring closes to afford the 
N-oxygenated heterocycle. 
Nitrosation of 2-substituted indan-l-ones (58) under 
acid conditions yields 2-N-hydroxyisocarbostyrils (61)23 
(Scheme 11) presumably by a retro-Claisen ring opening 
of an initially formed nitroso-intermediate (59) to an 
oxime (60) followed by ring closure of the latter. 
Of the N-oxygenated ring systems containing two hetero 
atoms 1-hydroxybenzimidazoles (64) and benzimidazoie 
3-oxides (67) can be synthesised by reductive cyclisation 
of o-nitroanilides (62)24 with hydrogen sulphide and ammonia, 
and o-benzylamino--nitrobenzene (65)25 with sodium hydride 
respectively, again probably via in situ formation of 
a  c -CH COMe 
(38) 
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hydroxylamine intermediates in both cases (Scheme 12). 
Similarly catalytic reduction of o-thiocyanatonitrobenZefleS 
(68) affords 2-aminobenzothiazole 3-oxides (69). 26 
Cyclisation reactions leading to cinnoline N-oxides are 
relatively rare, examples being the formation of benzotc] 
cinnoline N-oxides by hydrogenation of 2,2'-dinitrobiphenyl 
derivatives (70) 27 in the presence of Raney nickel. 	These 
reactions tend to yield a mixture of tha 5-oxide (74) and 
the 5,6-di--N-oxide (75). 	The 5-oxide (74) is presumably 
formed by ring closure of the nitrosohydroxyamino-inter-
mediate (71) whilst the 5,6-di-N-oxide (75) is probably 
formed by cyclisation of the nitrohydroxyamino-or the 
djnjtroso-intermediates (72) and (73) (Scheme 13). Likewise 
catalytic reduction of 2,2' ,6,6' -tetranitrobiphenyl (76)28 
gives the di-N-oxide (77). 	Taylor aud Jefford have shown 29 
that reduction of 2-nitrobenzene derivatives of the types 
(78) and (81) with hydrogen in. the presence of Adam's 
catalyst affords quinazoline 1-N-oxides (80) and quinoxaline 
1-N--oxides (82) respectively in good yield, again presumably 
via a hydroxylamine-intermediate [e.g. (79)]. 	Cyclisations 
of this type are also successful with 2-nitrophenoxy- and 
2-nitrophenylthiO-substrates. 	Thus reduction of 2-nitro- 
pherioxyaCetiC esters (83) using sodium borohydride and 
a..O ",~CHR NO2 CO2 E t 	CCN 
(83) 	 (84) 	 OH. 
R1 	 . 	 R1 
ri( S R2 . . 	 ., 4 
 
C
R.2( N0C02H N 
(85) 	 . 	 OH 	(86) 
Scheme 15 
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palladium-on--charcoal affords 4-N-hydroxy-1, 4-benzoxazin-
3-ones (84) , 30 while analogous reduction of the 2-nitro-
phenylthioacetic acids (85) yields 4-N-hydroxy-1,4-benZo-
thiazin-3-ones (86) . 31 	Just as in the case of the benzo[c] 
cinnoline N-oxides (74) the dibenzodiazepine N-oxides (88) 
are synthesised by reduction of the dinitro-compounds (87)32 
although in this instance the reducing agent is zinc and 
ammonium chloride. 
Pyrazole 1-oxides (90) are readily synthesised by the 
cyclisation of -dioximes (89) in the presence of thionyl 
chloride. 33 Also, base-catalysed cyclisation of cyclopropyl 
34 
urethanes (91) gives the pyrazoline oxides (92) 	(Scheme 16). 
Pyrazole-1,2-di-N-oxides (94) and (96) on the other hand can be 
synthesised by reaction of mesityl oxide oxime (93) with 
nitrite esters, 35 or by nitric acid oxidation of ct-arylidene 
ketoximes (95)•36 
	In the latter case where there is an 
alkyl group attached to the carbon atom a to the oximino-
group the product is a 1-hydroxypyrazole 2-N-oxide (97) 
37 
(Scheme 17) 	Recently a 1-hydroxypyrazole 2-N-oxide 
(98) unsubstituted in the 4-position has been isolated 38 
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3-oxides (99) can be prepared by reacting a-ketoximes (100) 	or 
c-amino-oximes (103)40 with aldehydes in the presence of ammonia. 
ct-Amino-oximes (103). also react with phosgene to afford the 
41 
imidazole 3-oxides (104) 	(Scheme 18). 	LikewIse 1-hydroxy- 
imidazole 3-oxides (101) and (106) are respectively 
obtained by condensation of ct-ketoximes (100) with aldoximes 39 
(Scheme 18) and by condensation of a-hydroxyamino-oximes 
(105) with aldehydes. 42 
A non-reductive method for the synthesis of N-hydroxy-
benzimidazoles (110) involves the base-catalysed reaction 
43 
of benzofuroxans (107) with -keto-acids 	(Scheme 19). 
This reaction is thought to occur by initial nucleophilic. 
attack by the -keto-acid on one of the furoxan ring 
nitrogen atoms to form the nitrone intermediate (108) which 
undergoes proton transfer to afford the oxime (109) prior to 
ring closure to the products (110). 	The pharmacologically 
i 	
44
nteresting 9-hydroxyadenine (115) is piepared by a 
variation of the Shaw purine synthesis which involves 
condensation of ethyl N-(dicyanomethyl)formamide (lii) with 
benzyloxyamine to give the cyanoimidazole (112) followed by 
ring closure using triethylorthoformate (Scheme 20). 
In a similar fashion to the synthesis of imidazole 
3-N-oxides, N-oxygenated oxazoles [e.g. '(117) and (119)] 
are prepared by the condensation of aldehydes with a-ketoxime's 
(116) 	or 2-hydroxyaminoalcohols (118)46  (Scheme 21). 
Thiazole 3-N-oxides [e.g. (120) and (122)1 however,.are 
obtained from the reaction of cx-chloro-oxirnes (121) with 
barium thiocyanate and potassium xanthogenáte 	(Scheme 22)? 
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reaction of hydroxylamine with isothiazolium fluorosuiphonates 
(123) 	(Scheme 23)8 
One area in which a large amount of work has been done 
is. in the synthesis of N-oxygenated pyrimidines 
which are important as pharmaceutical agents. Thus the 
simple N-hydroxypy.rimidines (127), (129) and (132) have 
been prepared by condensation reactions involving either a 
nitrile (125) 
49  or a -keto ester (128) 50  .and a urea 
derivative, or benzyloxy amine with a suitable isocyanate 
(130) 51 (Scheme 24). 	Analogous to the last of these methods 
is the formation of the thiouracil (135) by reaction of the 
thiazine (133) with 2-oxyaminopyran 	(Scheme 25) 
N-Hydroxyquinazoliiones (137) can be prepared by the 
reaction of ethyl o-hydroxyaminobenzoate (136) with isocyan-
ates. 53 Oximes of ortho-amino ketones (138) on the other 
hand react with acid anhydrides (or chlorides) to afford 
(136) 
CO2Et 1   
OH 
RN=C=Z r 2 ( NR 
JJ Y z 
(137) 	OH 
quinazoline 3-N-oxides (140). 	Such N-oxides can also be 
synthesised by treatment of quiriazolines (141) with hydroxyl-
amine, 55  a reaction which is believed to involve the 
mechanism shown in scheme 27. 	Treatment of benzo-1,3- 
oxazin-4-ones (147) 56 benzo-1,3-thiazin-4-ones 57 and 
58 
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affords 3-hydroxyquinazolin-4-ones (148) (Scheme 28). 
Correspondingly, reaction of o-aminobenzoyl oximes (150) 
with aldehydes or ketones gives 1,2-dihydro-quinazoline 
3-N-oxides (151). 59 Analogous reactions to these but 
starting with suitable imidazoles (152) , 60 pyrazines (154)61 
and pyrazoles (156) 62 lead to N-oxygenated purines (153), 
pteridines (155), and pyrazolopyrimidines (157) respectively 
(Scheme 29). 	Also 4-pteridinones react with hydroxylamine 
just as quinazoline does (see scheme 27) to yield 3-hydroxy-




Methods similar to those used to synthesise N-oxygen-
ated pyrimidines are also employed in the formation of N-
oxygenated pyrazines. 	Thus, condensation of cs-aminonitri1es 
with c-ketoximes (159) 
64 affords 2-aminopyrazine 1-N-oxides 
(160) (Scheme 30) and condensation of either c-diketones 
with cL-aminohydroxamlc acids (161) 
65 or x-aminoketones with 
a-ketohydroxamic acids (163)66 yields 1-hydroxypyrazin---2-
ones (162) (Scheme 31). 
The reaction of benzofuroxans (107) with -ketoacids 
to give N-hydroxybenzimidazoles (110) mentioned previously 
can also afford either partially or exclusively quinoxaline 
1,4-di-N-oxides (166). 	This occurs if the nitrone inter- 
mediate (164) undergoes cyclisation via a carbonyl carbon 
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Scheme 35. 
-14- 
to form quinoxaline 1,4-di-N-oxides is greatest when R 1 and 
R2 are electron-donating presumably as a result of electron 
release to the oximino nitrogen atom in (164) (Scheme 32). 
Bis-2-hydroxyaminophenylsulphones (167) on treatment with 
base afford phenazine N-oxides (169) 67 presumably via a 
Smiles-type rearrangement through the intermediate (168) 
(Scheme 33). 	The somewhat unusual 2-N-oxides of 2-aza-- 
quinolizinium salts (171) are obtained 68 by reacting a 
suitable aldoxime (170) with c,-bromoketones (Scheme 33). 
Another interesting reaction is the synthesis of the 3-hydroxy-
1,3-benzoxazine derivative (174) by acid-catalysed condensation 
of saiicYloy// r4'anJC. acid (172) with acrolein. 69 	This 
reaction is thought to involve the formation and cyclisation 
of the intermediate (173) (Scheme 34). 
Benzodiazepine N-oxides (176) are obtained by alkali 
catalysed cyclisation of oxirnes of the type (175) 0  or of 
71 72 nitrone-intermediates (177) . 	Thiadiazepine and 
triazepine N-oxides 	(179a and b) however are prepared 	in 
exactly the same way as the previously discussed diazepine 
N-oxides (88) i.e. by reductive cyclisation of the appropriate 
dinitro compound (178). 	Reducing agents suitable for effecting 
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such cyclisations include hydrogen in the presence of Raney 
nickel, and zinc and sodium hydroxide respectively. 
1,2,3-Triazole 1-N-oxides (181) are formed (Scheme 36) 
either by mild oxidation of -oximinohydrazones (180) using 
mercuric oxide 74 or by the diazo coupling of nitroisoxazoles 
(183), the latter reactions presumably occurring via ring 
opening to oxime intermediates (182) (Scheme 36). 	Related to 
the oxidative cyclisation [(180) + (181)] is the formation of 
1-hydroxynaphtho[a} -1,2,3 - triazoles (186) by the reaction of 
c-keto-oximes (184) 76 with tosyl hydrazide (Scheme 37). 
4--Hydroxy-1,2,4-triazoles (190) on the other hand are produced 
by the reaction of imido-esters (187) with hydrazides (188) 
in the presence of hydroxylamine (Scheme 38) 	via acylamidrazone 
intermediates. 
Hydroxylarnine or oxime cyclisations provide the basis of 
four useful syntheses of 1,2,4-triazine 4-N-oxides (192) 
(Scheme 39) 	tamely the reaction of hydrazoné oximes (191) 
with 1,2-dicarbonyl compounds, the reaction of amidrazones 
(194) with the mono-oximes of 1,2-dicarbonyl compounds (193), 
the cyclisation of mono-2--ethoxymethylenehydrazones of 1,2-
dicarbonyl compounds (195) with hydroxylamine [a process 
analogous to the synthesis of the pyrimidine N-oxides (132) 
and (135) discussed before (cf. page 12 	)] and the 
cyclisation of c-hydrazono-oximes (196) with orthoesters 
(Scheme 39). 78 
	1,3,5-Triaine 1-N-oxides (198) on the 
other hand are formed (Scheme 40) by the condensation of 
79 
dicyanoamidines (197) with hydroxylamine, 	or by the 
reaction of N-cyanoimidates (199) with amidoximes (200)80 
a process which again is analogous to the synthesis of 
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pyimidine N-oxides [e.9 (.127) discussed before (.cf. page 12). 
However both. benzo-1,2,3-triazine 3-N-oxides (.203)81  and 
naphthOEal -1,2,4 -triazine 4-N-oxides (205)82  are prepared by 
cyclisation of appropriate oxime derivatives (201) and (204) 
the formation of the products (203) involving intramolecular 
diazo-coupling (Scheme 41). 
The only examples of N-oxygenated heterocycles containing 
four hetero atoms are tetrazole 1-oxides (207). 	These compounds 
can be synthesised by reacting nitrolic acids (206) with 
hydrazoic acid 
83  or by treatment of hydroxamoyl chlorides 
(208) with sodium azide (Scheme 42). 84 
1.2.2 • Cyclisations Involving Nitroso Substrates 
Among the simplest of the title cyclisations is the 
thermal decomposition of 2-azidopyridine 1-oxides (209) to 
give 2-cyano-1-hydroxypyrroles (212)85  which is plausibly 
explained in terms of nitrogen elimination concerted with 
ring-opening to give a nitroso-intermediate (210) ring-
closure of which followed by tautomerisation gives the 
observed product (Scheme 43). 	Ring-closure of 2-nitroso- 
benzophenone (214) may likewise be involved in the formation 
of 9-hydroxyacridine 10-oxide (215) by the acid-catalysed 
condensation of 2-nitrobenzaldehyde with benzene via the 
presumed intermediacy of 3-phenylanthranil N-oxide (213) 
(Scheme 44). 86,87  
More obvious examples of cyclisations of nitroso-inter-
mediates to N-oxygenated heterocycles are illustrated by 
the reactions of c-nitrosoamidines [e.g. (216)] with hydrogen 
cyanide to afford imidazole N-oxides [e.g. (217)].88 
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Likewise benzimidazole N-oxides (e.g. t219)] are obtained 
by the condensation of o-nitrosoanhlines [e.g. (218)] with 
aldehydes (Scheme 45)•89 











applied this type of condensation to amino-nitrosouracil 
derivatives to afford routes to N-oxygenated purines of the 
types (220) and (221) (Scheme 45). 	A curious reaction 
leading to the formation of 1-hydroxy--2-phenylbenzimidazole 
N-oxide (224) occurs when nitrosobenzene (222) is allowed 
to react with benzonitrile oxide (223) 
92  The mechanism 
involved in this unusual transformation has not been 
established. 
Cyclisation of a nitroso-derivative to a six-membered 
N-oxygenated heterocycle containing two hetero atoms is 
illustrated by the spontaneous cyclisation of the 1,4-
dinitrosocyclohexane derivative (225) to give the bridged 
pyridazine di-N-oxide (226) (Scheme 46). 	Benzoquinoxaline 
N-oxides [e.g. (229)] are obtained.by condensing nitrosonaphthyl-
amines [e.g. (227)] with pyridinium betaines [e.g. (228)] 94 
and the extension of this type of condensation to amino-
nitrosopyrimidines (230) affords pteridine 5-oxides (232) 
(Scheme 46). 95 
The Wohl-Aue reaction 96 is the classic method of 
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base-catalysed condensation of nitrobenzene derivatives (233) 
with anilines (234) to give nitroso-intermediates (235) 97 
cyclisation of which yields the observed phenazine products 
(Scheme 47). 	Despite its widespread use 
98  a major drawback 
of the Wohl-Aue reaction is its poor yield. 	However Soule 99 
has pointed out the advantage of using an inert solvent, while 
Pushkareva and Agibalova 10° claim improved yields in Wohl-Aue 
reactions by using sodium amide instead of potassium hydroxide 
as the basic catalyst. 	Closely related to the Wohl-Aue 
reaction is the acid-catalysed dimerisation of para-substituted 
nitrosobenzen.?s (237) to give di-substituted phenazine 'N-
oxides (238) (Scheme 47)) 
Alloxazine 5-oxides and isoalloxazine 5-oxides (241) are 
synthesised by oxidative cyclisation of 6-arylamino-5-nitroSo- 
102 	i uracils (240) 	formed n situ by nitrosation of the 
corresponding anilino-uracils (239) (Scheme 48). 	Similarly 
the condensation of chioro-nitrouracils (242) with amino-
nitrosouracils (243) affords pyrimidopteridine 10-oxides 
(246)103 possibly via an intermediate of the type (245) 
(Scheme 48). 
An interesting reaction involving the transformation 
of a nitroso-derivative into a N-oxygenated heterocycle is 
the recently reported 104 synthesis of 1,4-benzoxazine 4-oxides 
(248) by the cycloaddition of dimethyl acetylenedicarboxylate 
to bis copper (II) complexes of ortho-nitrosophenols (247). 
In reactions analogous to those leading to benzoquinoxaiine 
N-oxides (229) (see page 17 ) nitrosonaphthols (249) 
condense with pyridinium betaines of the type (250) to afford 
a useful route to naphtho-1, 4-oxazine-2-thio.ne 4-N-oxides 
(251) (Scheme 49) 
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The utility of nitroso-intermediates for the synthesis 
of N-oxygenated heterocycles containing three hetero atoms 
is illustrated by the condensation of imino-suiphimides of 
the type (252) with njtrile oxides (253) to afford, via the 
presumed intermediacy of a nitroso-compound of the type. 
(254), a useful route to 1,2,4-triazole 1-N--oxides (255) 
(Scheme 50) •b05 Analogous processes have been used in the 
synthesis of annelated 1,2,4-triazole N-oxides [e.g. 
Scheme 50; (256)_(258)1.b05 	A number of reactions leading 
to benzo-1,2,3-triazole N-oxides are also usually assumed 
to involve nitrosobenzene intermediates. 	Thus, the 
reductive cyclisation of 2-nitroazobenzenes (259)106  and 
2-nitroazoxybenzenes (260) 107 to benzo-1,2,3-triazole 1-N--
oxides (262) is readily explained by the intermediate 
formation and subsequent cyclisation of a nitroso-intermediate 
(261) (Scheme 51). 	Intermediate nitroso-compounds [e.g. 
(264)] may also be involved in the reactions of indazole 
(263) with polynitrohalobenzenes to afford benzo-1,2,3-triazole 
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Nitroso-intermediateS suitable for cyclisation to 
N-oxygenated heterocycles can also be generated in situ by 
oxidation of oximino-compounds. Processes of this type 
are exemplified by the oxidative cyclisation of -dioximes 
using a variety of oxidants (the most common being 
hypochiorite) to afford via presumed dinitroso-intermediates 
, 1,2,5-oxadiazole 1-N-oxides (268) (Scheme 	
109 
0rtho-benzoquinone dioximes (269) are likewise oxidatively 
converted into benzofuroxans (270) (Scheme 53) 110 
111  Yoneda has synthesised a pyrimido-1 1 2 1 4-triazine 
4-oxide (272) by oxidative cyclisation of a nitrosouracil 
derivative (271) (Scheme 54). 
1.2.3 	Cyclisations Involving Nitro Substrates 
A variety of reactions are known in which nitroarenes 
containing suitable ortho-side-chains undergo direct 
cyclisation (as opposed to the reductive cyclisation already 
discussed in 1.2.1) to N-oxygenated heterocycles. 	Processes 
of this type, which can be both acid- and base-catalysed as well 
as thermally or photochemically induced, are briefly reviewed 
in the present section. 
1-Hydroxyindoles (e.g. (277)) are prepared readily 
(Scheme 55) and in good yield by the base-catalysed 
cyclisation of o-nitrobenzyl derivatives [e.g. (273)] 
containing relatively acidic -hydrogen atoms. 112-114 
Reactions of this type can be rationalised by the initial 
formation and aldol-type cyclisation of a carbariion inter-
mediate [Scheme 55; 	(273) -' (274) 	(275) - (276) 	(277)). 
Where the side-chain in the ortho-nitrobenzyl. derivative 




















withdrawing] competing cyclisation to give six-membered products 
(quinoline N-oxides) is also observed. 
112-114 o-Nitrobenzyl 
derivatives of the type (273) are also probably involved in 
the conversion of o-nitrobenzylidene derivatives (278) by 
reaction with hydrogen cyanide into 2-cyano-l-hydroxyindoles 
[e.g. (277)]. 
112-114 Isatogen derivatives (280) are likewise 
formed (albeit in low yield) by the base-catalysed aldol-type 
115 
cyclisation of o-nitrophenyl diketones (279). 	Intra- 










molecular aldol-type condensations of ortho-substituted 
nitroarenes leading to six-membered.heterocyclic N-oxides 
are exemplified by the base-catalysed cyclisaticn of 
2-nitrobiphenyl derivatives (281) which provides a useful 
route to pherianthridine N-oxides (282) (Scheme 56) 
116,117 
Acid, on the other hand, catalyses the cyclisation of 
2-nitrobenzoyldiazomethanes (283) to 1-hydroxyisatins 
118 	 119 (284) 	and of 2-nitrophenylacetylenes (285) 	to isatogens 
(286) in good yield although if o-nitrophenylethanols (287) 
are used as starting materials in the latter type of 
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Döpp has shown 121 that photolysis of 2-nitro-tert-
butylbenzenes (288a) in the presence of alkali yields mainly 
1-hydroxyoxindoles (289) (Scheme 57). 	This transformation 
is thought to occur both by photochemically-induced cyclisation 
and a base-catalysed "dark reaction". 	Likewise 2,5-di--tert-- 
buty1nitrobenzene (288b) and 2,4, 6-tri--tert-butylnitrobenzene 
(288c), in a variety of solvents, afford mixtures of the 
1-hydroxyoxindoles (289) and the indolenine 1-oxides (290a 
and b) (Scheme 57) . 121 	These are interesting reactions since 
they appear to involve interaction between a nitro group and 
a fairly inert hydrocarbon side chain. 	Less surprising are 
the photochemical cyclisations of 2-nitrcbenzylidene derivatives 
122 such as 2-nitrobenzylidene pyrans (291) 	and the 2-nitrochioro- 
stilbenes (293)123  to give i.ndoxyls (292) (Scheme 57) and 
isatogens (295) (Scheme 58) respectively. 	Isatogens can also 
be prepared by photolysis of 2-nitrostilbene dichiorides 
(294) '123 h 124  or 2-nitrophenylpyridinium ethanols (296) 
(Scheme 58). 125  
A good example of a base-catalysed transformation 
involving a nitro-group leading to a five-membered ring 
containing two hetero atoms is the cyclisation (Scheme 59) 
of 2-nitrobenzylidene anils (297) to N4ydroxyindazo1ones 
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on heating with ethanolic sodium carbonate. 	This type 
of reaction is thought to involve the initial formation and 
aidol-type cyclisation of a carbinolamine intermediate (298) 
(Scheme 59)•126 
	In closely related cyclisations 2-nitro- 
benzylidene anus (297) react with potassium cyanide in the 
presence of acid to give 2-aryl-3-cyanoindazole 1-N-oxides 
127 which are also the products of the base-catalysed 
cyclisation of the preformed hydrogen cyanide adducts 
(299) 128  suggesting their intermediacy in the former process 
[Scheme 59; (297) ± (299) + (301)]. 	A useful general route 
to benzimidazole N-oxides (303) is provided by the base-
catalysed aldol-type cyclisations of N-substituted 2-nitro-
anilines (302) containing a suitably activated methylene 
centre in the ortho side-chain. 129  This type of cyclisation 
has recently been extended to the synthesis of guanine 
7-N-oxides. 130 	Benzimidazole N-oxides are also produced 
NHCH2R2 BASE 	1NJH 
2 2NO2 	 NR 
(303) 	0- 
by acid-catalysed cyclisations of N-substituted 2-nitroanilines. 
Thus Meth-Cohn and Suschitzky have reported 131 that N.,N-
disubstituted 2-nitroanilines of the type (304) undergo 
acid-catalysed cyclisation to the corresponding benzimidazole 
N-oxides (305) (Scheme 60) often in high yield. 	In an 
extension of this work, Meth-Cohn and Suschitzky have 















and electronic factors, the photolysis of N,N-disubstituted 
2-njtroanjljnes (304) in acidic media affords benzimidazole 
N-oxides (305) or the parent benzimidazole (306) (Scheme 60). 
Photochemically initiated cyclisation of this type has been 
applied to the conversion of the pyridine. derivative (307) 
into the imidazopyridine N-oxide (308) (Scheme 60) •132 
A versatile synthesis 133,134 of benzothiazole 3-oxides (311) 
involves the base-catalysed cyclisation of thioacetic esters 
of the type (310) which are readily accessible by the reaction 
of 2-nitrochlorobenzenes (309) with thioglycolic esters 
(Scheme 61). 
Benzo[c]cinnoline N-oxides (313) are prepared in good 
yield by the base-catalysed aldol-type cyclisation of 2-amino- 
135 2'-nitrobiphenyls (312) 	although base-weakening groups 
in the amino-phenyl nucleus inhibit these reactions as does 
steric hindrance to rotation about the central biphenyl bond 


































































method for the preparation of 1-hydroxycjuinazoline-2,4-
diones (316) is the base-catalysed cyclisation of 2-nitro- 
benzoylaminoacetOflitrileS (314) 136 
	This type of cyclisation 
is thought to involve aldol-type condensation to give inter-
mediate N-oxides (315) which undergo nucleophilic displacement 
of the cyano-group by hydroxide ion to afford the final products 
(316) (Scheme 62). 	However attempts to isolate the N-oxide 
intermediates (315) have so far proved unsuccessful. 	Also when 
the starting amide is secondary [i.e. R=H in (314)] the yield is 
poor 137  presumably due to deactivation of the side-chain by 
enolisation. 	Analogous to these 2-nitrobenzoylaminoaceto- 
nitrile cyclisations are the useful general syntheses (Scheme 
63) of quinoxalin-3(4H)-one 1-N-oxides (318) by base-catalysed 
cyclisation of 2-nitroacetanhlides (317) 138 
	The sole 
requirement for the success of this type of 
cyclisation appears to be activation of the methylene group 
2 
in (317) by electron withdrawal in R . 	The utilisation of 
pyridinium salts of the type (319) in such cyclisations 
provides a valuable route 138 ' 139 to 2-aminoquinoxalin-3(4H)-
one 1-N-oxides (320) (Scheme 63). 
The synthesis of N-oxygenated heterocycles containing 
three hetero atoms by intramolecular aldol-type condensation 
involving an aromatic nitro-group is illustrated by the 
conversion of 2-nitrophenylhydrazine (321) into 1-hydroxy-
benzotriazole (324) (Scheme 64) in warm aqueous alkali. 140 
Alkali also catalyses the analogous cyclisations of N-sub-
stituted 2-nitrophenyihydraZifles (325) and (327) to the 
corresponding benzotriazole 1-N-oxides (326) and (328) 
(Scheme 64) •141 	Likewise N-substituted 2-nitrophenyl- 
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hydrazines (329) may also be cyclised under acidic conditions 
to benzotriazole 1-N-oxides (1330) (Scheme 6).142h143 
Analogous to cyclisations of this type is the novel photo-
chemical cyclisation (Scheme 65) of 1,3-dimethyl-5-nitro-6-
benzylidenernethylhydrazinouracil - (331) to 3,4,6-trimethyl-
1,2,3-triazolo[4,5--J pyrimidine-5,7(4H,6H)-dione 1-oxide 
144 	
0 
(332). 	In closely related reactions 2-nitrophenylguanidines 
and related molecules (e.g. 2-nitrophenylurea and 2-nitro-
phenyithiourea) undergo alkali catalysed cyclisation to provide 
what is probably the best general method for the synthesis of 
benzo-1,2,4-triazine 1-N-oxides (Scheme 66).145  The requisite 
2-nitrophenylguanidines (334) can be prepared in situ 
146  by 
acid-catalysed reaction of 2-nitroanilines (333) with 
cyanamide, and undergo smooth cyclisation to 3-aminobenzo-
1,2,4-triazine 1-N-oxides (336) on heating with strong 
(30-40%) aqueous sodium hydroxide. 	The cyclisation of the 
guanidine derivatives (334) to the benzo-1,2,4-triazine 
N-oxides (336) is believed to involve th initial formation 
and subsequent aldol-like cyclisation of the anion (335) 
(Scheme 66). 	This mechanism is supported by the observation 
that 2,4-dinitrophenylguanidine (337) requires only 8% aqueous 
sodium hydroxide to effect its cyclisation to the benzotriazine 
N-oxide (339) (Scheme 67). 	The ease of cyclisation in this 
case may be attributed to resonance stabilisation of the 
anionic intermediate [c.f. Scheme 67; (338)]. 	Recent 
extensions of this type of cyclisation are the analogous 
base-catalysed conversions of 1- (2-nitrophenyl)-5-aminopyrazoleS 
(340) and their pyridine analogues (342) into pyrazo1o[3,2-] 
benzo-1,2,4-triazine 5-oxides (341) and pyrazo1o[3,2-]pyrido 
-27- 
t4,3- ..] (1,2,4]tiazine. 5-oxides J-3431 respectively (Scheme 
68) 147 
Investigations of methods for the synthesis of N-oxygenated 
polyazaheterocycles based on cyclisation reactions of nitro, 
nitroso, and hydroxyamino intermediates, provide the subject 
material of the following thesis. 
Chapter 2 
Some Studies on the Synthesis and Reactivity 
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Some Studies on the Synthesis and Reactivity of Oxadiazolo-
pyrimidine .-Oxides 
2.1 	Introduction 
The discovery of a wide variety of biological activity 
associated with pteridines, azapteridines and N-hydroxypurines 
has resulted in an intensification of the interest in 
N-oxygenated analogues of these systems. The pteridine 
nucleus is present in the vitamin folic acid (344) whilst 
simpler pteridine derivatives show a broad spectrum of 
biological activity. 148 	The 8-hydroxypteridinOne (348) 
. 
has recently been synthesised 
148  by condensation of amino-
rnalononitrile (345) with the c-ketohydroxamoyl chloride 
(346) followed by acid hydrolysis to the 1-hydroxypyrazinone 
(347), [structurally analogous to the naturally occurring 
pyrazine antibiotic aspergillic acid (349)] and final ring 
closure with guanidine (Scheme 69). 	However as yet nothing 
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Also of current synthetic interest due to their anti-
bacterial properties 149 are the azapteridines fervenulin 
(350) and toxoflavin (351) and their N-oxides (Scheme 70). 
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fervenulin and toxoflavin, but again no information is as yet 
available on their biological properties. 
Purines occur naturally in nucleic acids. 	A major area 
of interest in purine chemistry centres on the syntheses of 
modified purines for use as possible antimetabolites (i.e. 
compounds which interfere with biological pathways). 	Purine 
N-oxides in the form of the free bases as well as the derived 
nucleosides and nucleotides have been shown to exhibit anti-
metabolic or oncogenic (i.e. tumour-producing) activity) 50 
For example guanine 3-oxide (352) and 3-hydroxyxanthine 
(353) are both potent oncogens whilst the isomeric 1-hydroxy-
xanthine is a much weaker oncogen and tends to induce tissue 
H 2 QN' 




H 	(353) M 
inflammation but not tumours. 151 One method for obtaining 
the analogous 7-hydroxyxanthine (355) involves the reaction 
of 4-amino-5-nitrosoUraCil (354) with formaldehyde (Scheme 
150 	 152 	 153 
71) . 	Chemical 	and biochemical 	studies have shown 
that the oncogenicity of 3-hydroxyxanthine and some of its 
derivatives are paralleled by the unique chemical reactivity 
of their esters. 154 	Thus 3-acetoxyxanthine (356) reacts 
rapidly with nucleophiles to yield 8-substituted xanthines 
(359). 	There are two possible mechanisms for this type of 
process (Scheme 72). 	One possibility (path a) involves 
heterolytic cleavage of the N-O bond to produce a nitrenium 
+ CH2 
WO 
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ion (357) which delocalises its charge over the ring with C(8) 
being the most electron-deficient site due to the greater 
electron-deficiency of carbon compared with nitrogen. 
The alternative mechanism (path b) involves elimination of 
acetic acid to give the dehydroxanthine (358) which then reacts 
with an available nucleophile to give the final product (359). 
The involvement of a carbonium ion intermediate is indicated 
by the ease of reaction with weak nucleophiles such as chloride 
ion and alcohols while variation in the product ratios with p11 
suggest path b may operate at higher pH 
155. 	However the 
possibility of a free radical mechanism cannot be ruled out. 155 
Since it is possible that these compounds are reacting via a 
nitrenium ion intermediate and that the biological activity of 
the compounds is in some way related to the presence of the 
N-oxide group it was thought of interest to synthesise a 
series of N-oxygenated purines in order to investigate their 
chemical and biological activity. 
As has been mentioned previously (see Chapter 1) benzo-
furoxan can react with active methylene compounds to yield 
N-oxygenated heterocycles. This work has been extended so 
that a large number of otherwise difficultly accessible 
N-oxygenated quinoxalines, benzo-1, 2 ,4-triazines, and 
benzimidazoles can be readily prepared in good yield. Thus 
benzofuroxan (360) reacts with ketimines and aldimines (361) 
or with methylene ketones (363) in the presence of a primary 
amine or ammonia to yield quinoxaline 1,4-di-N-oxides (362) 












































with chioroacetaldehyde in the presence of a primary amine 
results in the formation (Scheme 74) of 2-chioroquinoxalifle 
1,4-di-N-oxide (364) which is not isolated but reacts with 
the amine to afford 2-alkylaminoqUiflOXalifle l,4-di-N-oxides 
(365) 157 	2-Aminobenzo-1,2,4-triaZifle 1,4-di-N-oxide (367) 
is obtained in high yield (Scheme 75) by treatment of (360) 
with disodium cyanamide (366), 
158 while reaction of benzo-
furoxan (360) with cyanoacetamides (368) affords the 1-
hydroxybenzimidaZOle 3-oxide derivatives (369) with elimin- 
ation of cyanide ion (Scheme 76) .159 	Similarly treatment 
of benzofuroxan (360) with formaldehyde in the presence of 
base yields the 1,3-dihydroxybenzimidaZOlOfle (370).160 
Thus, one has in benzofuroxan derivatives molecules of 




considerable utility for the synthesis of a wide range and 
variety of N-oxygenated heterocycles. 	In the present studies 
it was felt that it would be of considerable chemical and 
biological interest if such reactions could be extended to 
1,2,5-oxadiazolopyrimidine N-oxides (pyrimidofuroxans) (371) 
because the reactions which produce quinoxaline di-N-oxides 
in the benzofuroxan series would by analogy afford pteridine 
di-N-oxides (372) (Scheme 77) in the pyrimidofuroxan series. 
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Likewise reaction of (371) with disodium cyanamide should 
yield 2-aminoazapteridine 1,4-di--N-oxides (373) while the 
corresponding reactions with cyanoacetamide and formaldehyde 
would afford the purines (374) and (375) (Scheme 77). 	None 
of the N-oxygenated polyazaheterocyclës (372)-(375) would be 
otherwise readily obtainable. 
The first example of a 1,2,5 -oxadiazolo[ 3 , 4-g]lDyrimidine 
1-N-oxide (377) was prepared by Montgomery and his-co-workers 161 
in 1968 by pyrolysis of the azide (376) (Scheme 78). 	The 
existence of 4(7)_amino_1,2,5-oXadiaZ0loE3,41PYrimidine 
1-oxide exclusively in the 7-amino form (377) as opposed to 
the 4-amino form (378) is supported by 
l  n.m.r. evidence. 161 
In the 1H n.m.r. spectrum of 7-amino-1,2,5-oxadiazo1o[3,4 -dl 
pyriinidine 1-oxide (377) at 40° the protons of the amino 
group appear as two broad singlets at 6 9.25 and 8.45 which 
coalesce at ca. 1000 to a singlet at 6 8.63. 	On cooling to 
400 the original: singlets reappear. 	The non-equivalence of 
the amino group protons at 40° is attribi.ted by the authors 161 
to hindered rotation about the ring-nitrogen bond due to 
hydrogen bonding between the oxygen atom of the N-oxide group 
and one of the protons of the amino group. 	Hydrogen bonding 
of this type is only possible in the 7-amino structure (377) 
and not in the 4-amino structure (378). 	The non-equivalence 
of the amino group protons in the amine (377) could also be 
due to the existence of the molecule in the imine tautomeric 
161 161 
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on the basis of the lack of splitting in the 'H n.m.r. 
resonance of the C(S) proton in (379). 	Consequently in 
the following discussion oxadiazolopyrimidine 1-N-oxides 
will always be represented as being in a form analogous to 
that of (377). 	Since the work of Montgomery et al a few 
other examples of oxadiazolopyrimidine 1-oxides of types 
162,163 	 163,164 (384) 	and (383) 	have been prepared either by 











(R = NH 2 ; OMe) 
azide (381) [or when this was unsuccessful via the hydrazine 
(382) 1 followed by thermal decomposition of the latter to 
give the oxadiazolopyrimidine (383) (Scheme 79). 	However, 
so far only one case has been reported 165 of an oxadiazolo- 
pyrimidine N-oxide (385) reacting with active methylene compounds 
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-34- 
2.2 Synthesis of 1,2,5-0xadiazo1o[3,4--]pyrimidine a-Oxides 
When setting out to study the reactivity of a particular 
ring system it is necessary to use as wide a range and 
variety of derivatives of the ring system as is possible in order to. 
identify any trends in reactivity. 	With this in mind attempts 
were made to synthesise a variety of l -,2,57oxadiazolo[3,4 -Q] 
pyrimidine 1-oxide derivatives using the known synthetic 
approach outlined in the introduction to this chapter (Scheme 79) 
Initially attention was directed towards the synthesis of the 
5,7-disubstituted oxadiazolo[ 3 , 4- jpyrimidine 1-oxides (390) 
(Scheme 80). 	Thus the known 4,6-dichloro-2-methyl-5--nitro- 
pyrimidine (386a) was readily prepared in good yield using 
the method of Albert, Brown and Wood. 166 This reacted 
smoothly with dirnethylamine which had been buffered to pH 6 
using acetic acid [the method used successfully by Rose to 
obtain (Scheme 81) 4-chloro-6-dimethylamino-5-nitropyrimidine 
(392) from 4,6-dichloro--5-nitropyrimidine (391) 
1671  to give 
the 4-chloro--6-dimethylamino-2-methyl-5-nitropyrirnidine 
(387a) in good yield. 	The i.r. spectrum of the product (387a) 
contained bands at 1558 and 1335 cm 1 attributable to a nitro 
group and it gave 
1  H n.m.r. and mass spectral data consistent 
with the assigned formula. 	However several attempts to 
obtain a satisfactory combustion analysis for (387a) were 
unsuccessful. 
An attempt was made to convert the chioropyrimidine (387a) 
directly into the azide (389a) by stirring its solution in 
tetrahydrofuran with aqueous sodium azide, conditions which 
are known 163  to convert 4-chloro--2-dimethylamino-5-nitro- 

































HNH2 HNO2 Me N N 3 



















(394) (Scheme 82). 	However the starting chioropyrimidine 
(387a) was recovered unchanged. 	Due to this lack of success 
in converting the chioropyrimidine (387a) directly into the 
azide (389a) it was decided to use the alternative method of 
first forming the hydrazinopyrimidine (388a) and then reacting 
it with nitrous acid to afford the azide (389a). 	It is 
164,168 
known 	that pyrimidines of the type (387) tend to react 
with hydrazine at room temperature or above to give wholly or 





4-chloropyrimidifle (387a) was treated with hydrazine hydrate 
in ethanol at -8° in the hope of obtaining only the 6-dimethyl-
mino_4_hydrazino_2_methyl_5_flitroPYrimidi1 	(388a). 	These 
conditions had been found 
168 to afford only the 4-hydrazino-6-
methoxy-5-nitrOpyrimidifle (397) from the 4-chloro-6-methoxy-5- 
nitropyrimidine (396) (Scheme 83). 	The 6-dimethylamino-4- 
hydrazinO_2_methyl_5_nitropyrimidifle (388a) was indeed 
obtained in excellent yield and the product gave satisfactory 
analytical and spectral data. 	The hydrazinopyrimidine 
(388a) was readily converted by reaction with sodium nitrite 
in aqueous hydrochloric acid solution at 00  not into the 
hoped for azide (389a) but into the 5-dimethylamino7methyl 
4_nitro_l,2,3,4 - tetraZO 1O[l, 5 ]PYrimid 11 	(399) ingood yield 
(Scheme 84). 	This product gave satisfactory analytical, mass 
spectral and 1H n.m.r. data. 	Also its i.r. spectrum contained 
bands at 1.520 and 1340 cm- 1 attributable to a nitro group but 
no absorption due to an azido group. 	The greater stability 
of the tetrazolo-tautomer (399) compared with the azido-
tautomer (389a) in this case may well be due to the presence 
of the electron-donating methyl and dimethylamino substituents 
as these are believed 169 to stabilise the tetrazole form while 
at the same time destabilising the electron-donating azide 
form in other azide-tetrazole tautomeric systems. 	Also 
isolated in low yield from the reaction of the hydrazino-
pyrimidine (388a) with nitrous acid was the 4-amino-6-dimethyl-
amino_2_methyl_5flitrOpyrimidifle (400) which is presumably 
formed by decomposition of the proton.ated azide. (398) 
(Scheme 84) . 	Indeed such nitro-amines are known 
163  to be 
formed as by-products in reactions of this type. 	In accord 
with the assigned structure the amine (400) gave satisfactory 
analytical, mass spectral and H n.m.r. data and its i.r. 
spectrum contained bands at 3420 and 3260 cm- 1 due to an amino 
group and at 1531 and 1350 cm 1 attributable to the presence 
of a nitro group. 	Thermolysis of the tetrazole (399) 
occurred smoothly in ref luxing toluene to afford the hoped 
for 7_dimethylamino-5-IflethY1-1,2,5OXadiaZOlO[3,4]PYrimid1fle 
1-oxide (390a) in excellent yield. 	The product (390a) gave 
satisfactory analytical, mass spectral and H n.m.r. data, 
while its i.r. spectrum lacked bands due to a nitro group. 
A similar reaction sequence to that leading to the N-
oxide (390a) was also applied using 4,6-dichloro-2--dimethyl-
amino-5-nitropyrimidine (386b) instead of (386a) as the 










- 	 -37- 
starting material. 	The dichioropyrimidine (386b) was 
readily prepared using the method of Boon 
170  but with the 
modification that N,N-diethylaniline was used instead of 
N,N-dimethylaniline in the chlorination of 4 ,6-dihydroxy-2-
dimethylamino-5-nitropyrimidine (401) (Scheme 85). 	This 
modification had the effect of increasing the yield for 
this step from 16% to 32%. 	The dichioropyrimidine (386b) 
was converted into 6-chloro-2 ,4-bis-dirnethylamino--5-nitro- 
pyrimidine (387c) in excellent yield using the same conditions 
as for (387a) but extending the reaction time by 30 rain. 
The product (387c) gave satisfactory analytical and spectral 
data. 	The chioropyrimidine (387c) also failed to react with 
sodium azide [under the conditions attempted with (387a)] 
to give the hoped-for 6-azido--2,4--bis-dimethylamino-5-nitro--
pyrimidine (389c) ,the starting chioro-compound (387c) being 
recovered unchanged. 	However the chioro-compound (387c) 
reacted readily with hydrazine at -8 ° to give the 6-hydrazino-
2 ,4-bis-dimethyiamino-5-nitropyrilllidifle (388c) in excellent 
yield. 	Treatment of the hydrazinopyrimidine (388c) with 
sodium nitrite in aqueous hydrochloric acid solution at 00 
gave not the corresponding tetrazole but rather 6-azido-2,4-
bis-dimethylamino-5-flitropyrimidifle (389c) in moderate yield. 
The structure assigned to this product is based on the presence 
of an absorption band at 2140 cm- 
1 
 in its i.r. spectrum 
attributable to the presence of an azido group. 	No attempt 
was made to purify this product as it had been reported 163 
that azides of this type are converted into oxadiazole 1-oxides 
on attempted crystallisation. 	The reason for the azido- 
tautomer (389c) being the preferred form in this case is not 
MIM 
clear since it would be expected that replacement of the 
methyl group in the 2-position by the more electron-donating 
diinethylamino group would further destabilise .the electron-
donating azido group and so favour tetrazole formation. 
The azide (389c) decomposed smoothly in ref luxing ethyl 
acetate to give the required 5,7-bis-dimethylarnino-1,2,5--
oxadiazo1o[3,47]pyrimidine 1--oxide (390c) in excellent 
yield. 	This product gave analytical, mass spectral and 
n.m.r. data consistent with. the assigned structure while 
its i.r. spectrum lacked absorption bands attributable to 
nitro and azido groups. 
The 5-dimethylamino-7-methoxy-1,2,5-oxadiazolo[3,4-d] 
pyrimidine 1-oxide (390d) was prepared by a similar route 
to that used for the synthesis of the N-oxide (390c). 
Thus reaction of 4, 6-dichloro-2-dimethylamino-5-nitro-
pyrimidine (386b) with sodium methoxide at-0 0  gave the 
known 4-chloro-2-dimethylamino-6-methoxy-5-nitropyrimidine 
(387d) 171 in excellent yield. 	Again only unchanged chloro- 
pyrimidine (387d) was isolated rather than 4-azido-2-dimethyl-
amino-6-methoxy-5-nitropyrimidine (389d) when a tetrahydro-
furan solution of the chioropyrimidine (387d) was treated 
with aqueous sodium azide. 	On the other hand, -dimethyl- 
amino-4-hydrazino-6-methoxy-5--nitropyrimidine (388d) was 
obtained in excellent yield on reaction of the chioropyrimidine 
(387d) with hydrazine. 	The hydrazinopyrimidine (388d)gave 
-39- 
analytical, and spectral data consistent with its assigned 
structure. 	Treatment of the hydrazinopyrimidine (388d) 
with nitrous acid gave the expected 4-azido-2--dimethylamino- 
6-methoxy-5-nitropyr 4&midifle (389d) in low yield. 	Again 
this structure assignment is based on the presence of azide 
absorption in the i.r. spectrum of the product. 	Also 
isolated from this reaction was unchanged starting hydrazine 
(388d) plus alow yield of a solid (402) having properties 
consistent with its being the known 4-amino-2--dimethylamino-
6-methoxy-5-nitrOPyrirflidifle (403)172 which is presumably 
formed in a similar fashion to (400). 	However, though 
the analytical and mass spectral data obtained for this 
product were consistent with the amino structure (403) 
the melting-point of the solid (402) was 28 




literature melting-point of the amine (403). 	The azide 
(389d) readily underwent thermal decomposition to give the 5-
dimethylamiflo-7-rnethOXy-1, 2 ,.5-oxadiazolo 13, 4-a] pyrimidine 
1-oxide (390d) on briefly heating in ethyl acetate. 
However satisfactory analytical data could not be obtained 
for the product of this reaction. 	Also its 1H n.m.r. 
-40- 
spectrum contained unidentified signals at tS 4.09 (due to 
three protons), 4.01-3.88 (due to two protons) and 3.13 
(due to two protons) in addition to those due to the expected 
dimethylamino and methoxyl groups. 	On the other hand 
the mass spectrum of the product was consistent 
with the N-oxide structure (390d) and an exact 
mass measurement confirmed the product as having the correct 
molecular formula. 
The final example of a 5,7-disubstituted oxadiazolo-
pyrimidine 1-oxide whose synthesis was attempted was the 
known 164 7-methoxy-5-methyl-1,2 ,5-oxadiazolo[3, 4-Jpyrimidine 
I-oxide (390b). 	The attempted synthesis of this compound 
started with 4-chloro-6-methoxy-2-methyl-5--flitropyrimidifle 
(387b) which was readily prepared from 4,6-dichloro---2--
methyl-5-nitropyrimidine (386a)by the method of Urban and 
Schnider. 173 As described in the literature 
164 the attempted 
azido-dechiorination of (387b) was unsuccessful. 	Consequently 
the chloropyrimidine (387b) was treated with hydrazine 
under the conditions used previously, but using a shorter 
reaction time, to give the 4-hydrazino-6-methoxy-2-methyl--
'5-nitr-opyrimidine (388b) in good yield.. This product gave 
mass spectral and 1H n.m.r. data consistent with the assigned 
structure but unfortunately it failed to give a satisfactory 
elemental analysis, though the derived benzylidene derivative 
(404) did analyse correctly. 	The reaction of the hydrazino- 
pyrimidine (388b) with benzaldehyde to give the hydrazone (404) 
-41- 
MeN-N H—N=CHPh 
I 	 NO2 
0 	(404) 
was accompanied by hydrolysis of the methoxyl group under 
the strongly acidic reaction conditions. 	The method used 
for the synthesis of the hydrazine (388b) in the present 
studies gives a better yield than the method described in 
the literature. 164 Also the product is not contaminated 
with the bis-hydrazinopyrimidine (405) as described in the 
literature procedure. 	Also the melting-point of the 
O2NXfN 
	Me N HN H2 
MeO (405) 	 MeO 
	
NH NH2 
hydrazine (388b) synthesised in the present work was 100 
higher than the literature melting-point. 	The known 174 
dihydrazinopyrimidine (406) was also isolated in low yield 
from the reaction of the chioro-compound (387b) with hydrazine. 
Reaction of the presumed hydrazinopyrimidine (388b) with sodium 
nitrite in aqueous hydrochloric acid at 00  gave not the 
reported 164 azide (389b) but rather a multicomponent solid 






















one could be crystallised. 	This product gave mass spectral 
data consistent with the formula C 3 H 4 N 6 0 3 
 , however it failed 
to give an intelligible combustion analysis and consequently 
no structure could be assigned to this compound. 
Attention was next turned to the synthesis of 7-substi-
tutéd-1,2, 5-oxadiazolo[3, 4-]pyrimidine 1-oxides (410). 
The synthetic approach used in this case was again similar 
to that used for the synthesis of 5,7-disubstituted-1,2,5-
oxadiazolo[3,4-]pyrimidine 1-oxides (see Scheme 86). 
Thus 4-chloro-6-methoxy-5--nitropyrirnidine (407a) and 4-chioro--
6-dimethylamino--5-nitropyrimidirie (407b) were readily 
prepared in good yield by the methods of Taylor, Barton and 
11 
175 	 167 
Paudler 	and Rose 	respectively. 	As in the case of the 
other chioro-nitropyrimidines (see before) both of these 
chloro-compounds failed to react when their solutions in 
tetrahydrofuran were treated with aqueous sodium azide, in 
both cases the starting chioro-compound being recovered 
unchanged. 	Consequently 4-hydrazino-6-methoxy-5-n 4.tro- 
pyrimidine (408a) was prepared in excellent yield from the 
4-chloro-6-methoxy-5--nitropyrimidine (407a) by the method of 
Biffn, Brown and Lee 
168 and was reacted with sodium nitrite 
under the conditions successfully applied to the disubstituted 
hydrazines (388) to afford the hoped for 4-azido-6-methoxy- 
5-nitropyrimidine (409a). 	Yet again this structural 
assignment is based only on the presence of azide absorption 
at 2160 cm. 1 in the i.r. spectrum of the product, it being 
-43- 
assumed that the azide (409a) would be unstable to recrystal-
lisation for analysis. 	The azide (409a) decomposed on 
heating in toluene to give the 7-methoxy-1,2,5-oxadiazolo- 
f3,4-Jpyrimidine 1-oxide (410a) in moderate yield. 	This 
product gave satisfactory analytical and mass spectral data 
and its i.r. spectrum lacked absorption bands attributable 
to nitro and azido groups. 	Also isolated from this reaction 
was the hydrazinopyrimidine (408a) which was presumably 
present in the crude azide (409a) as an impurity, plus an 
unidentified orange solid which gave analytical and mass 
spectral data consistent with the molecular formula C 
9 H 8 N 9 0  6 
and an unintelligible 1 H n.mr. spectrum. 
The 4-chloro-6-dimethylamino-5-nitropyrimidine (407b) 
was likewise treated with hydrazine under the same conditions 
as (407a) to give an excellent yield of the hoped for 
6-dimethylamino-4--hydrazino-5-nitropyrimidine (408b). 
This product gave satisfactory mass spectral and 'H n.m..r. 
data and though an accurate elemental analysis could not be 
obtained, an accurate mass measurement confirmed the 
molecular formula as being that of the hydrazine (408b). 
Also its i.r. spectrum contained bands in the region 
3300-3100 cm assignable to a hydrazino group and at 1504 
and 1351-cm- 
1 
 attributable to a nitro group. 	Conversion 
of the hydrazine (408b) into 4-azido-6-dimethylamino--5-nitro-
pyrimidine (409b) was achieved under standard conditions in 
moderate yield. 	Thermolysis of the azide (409b)in toluene 
gave the expected 7-dimethylamino-1,2,5-oxadiazo1o[3,4-j 
pyrimidine 1-oxide (410b) also in moderate yield. 	This 
compound gave satisfactory analytical and mass spectral 
data and in accord with the assigned structure its i.r. 
-44- 
spectrum lacked bands due to nitro and azido groups. 
Also obtained in the thermolysis of the azide (409b) was 
a solid A whose i.r. spectrum contained an absorption band 
at 1740 cm- 1 consistent with the presence of a carbonyl 
'group. 	Solid A could not be crystallised and when dissolved 
in water gave an acidic solution. 	This suggested that solid 
A was an acid salt and an attempt was made to isolate the 
free compound by neutralising its aqueous solution but this 
procedure gave no isolable material. 	In an attempt to obtain 
more of thesolid A for iaentification the reaction sequence 
was repeated. 	However this time the hydrazine (408b) was 
not converted into the azide (409b) as before but rather into 
the solid A which again when treated as an acid' salt gave 






identify solid A. 	Also isolated from the repeat reaction 
of the hydrazine (408b) with nitrous acid was a low yield 








































Related to the N-oxides (410) is the known oxadiazolo-
pyrimidinone 1-oxide (413). 	This compound was readily 
prepared by the method of Temple, Kussner and Montgomery 161 
and attempts were made to synthesise the corresponding 
5-methyl derivative (414) using the same synthetic route. 
The synthesis of the compound (413) involves the conversion 
of the dichioropyrimidine (391) into the mono-chioropyrimid--
inone (412a) by heating in formic acid, and the reaction of 
the pyrimidinone (412a) with sodium azide in tetrahydrofuran 
to give the N-oxide (413) (Scheme 87). 	correspondingly 
the previously prepared 4 , 6-dichloro-2-methyl-5-nitrO-
pyrimidine (386a) was heated in formic acid to give a low 
yield of the 6-chloro-2-methyl-5-flitrOpyrimidirl4 (3H) -one 
(412b) which gave analytical and mass spectral data consistent 
with the assigned structure. 	Also isolated in good yield 
166 
from this reaction was the known 	4,6-dihydroxy--2--methyl-5- 
nitropyrimidine (417) suggesting that overhydrolysis is 
occurring and that a shorter reaction time would improve 
the yield of the pyrimidinone (412b) 	In any case the 
latter compound failed to react at all with sodium azide 
under the conditions which were successful for the formation 
of the N-oxide (413). 	consequently an attempt was made to 
obtain the N-oxide (414) by the route used previously to 
synthesise other 1,2,5-oxadiazolopyrimidine 1-oxides, namely 
initial formation of the hydrazine (415) followed by 
diazotisation to give the azide (416) and then decomposition 
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In practice treatment of the pyrimidinone (412b) with 
hydrazine in ethanol at -8 ° did not give the required 
6_hydrazino-2-methyl-5-flitroPYrimidin - 4 (3H) -one (415). 
Instead a solid was obtained whose properties are consist-
ent with it being the v.mine (418) although quite how this 
could be formed under the conditions used is unclear. 
Also isolated in this reaction was an unknown orange solid 
which could not be purified and as a result was not 
identified. 
Finally an attempt was made to synithesise a series of 
5_dialkylamino-oXadiaZOlOPYrimidifle 1-oxides (425) starting 
from suitable 2-dialkylaminopyrimidiflOfleS (42:1). 	The 
synthetic approach used in this case was modelled on that 
successfully employed for the synthesis of the 5-dimethyl-
amino_1,2,5_OXadiaZOlo[3,4lPYrimidine 1-oxide (425a), 163 
namely nitration of the pyrimidinone (421a) [readily 
prepared by reaction of the isothiouronium salt (419) 
with dirnethylamifle to give the guanidinium salt (420a) 
followed by acid-catalysed condensation of the latter with 
-47- 
malic acid] then chlorination to give 4-chloro--5-nitropyrimidine 
(423a) and thence by azido-dechiorination the N-oxide (425a) 
(Scheme 88). 	It was also intended to synthesise the starting 
pyrimidinones (421) by condensation of the corresponding 
dialkylaminoguanidinium salts [prepared from the readily 
available isothiouronI•um sulphate (419) and dialkylamines] 
with malic acid. 	An obvious extension of the previous 
work was to synthesise the N-oxide (425b) (i.e. with a 
diethylamino group in place of dimethylamino group) starting 
from the pyrirnidinone (421b). 	Unfortunately an attempt 
to obtain the diethylaminoguanidinium salt (420b), needed 
to synthesise the pyrimidinone (421b), by heating diethyl-
amine with a suspension of the thiouronium salt( 4 19). in 
ethanol was unsuccessful, unchanged starting material being 
isolated. 	Being thus unable to synthesise the pyrimidinone 
(421b) and hence the N-oxide (425b) an attempt was next 
made to synthesise the N-oxide (425c). 	Thus the thiouronium 
salt (419) was heated in ethanol with pyrrolidine instead of 
diethylamine to afford the hoped for 2-(pyrrolidin--1-yl) 
formamidinium sulphate (420c) in excellent yield. 	This 
product gave satisfactory analytical data. 	The salt 
(420c) was then reacted with malic acid in fuming sulphuric 
acid, conditions which successfully converted the formamidinium 
salt (420a) into the pyrimidinone (421a), 
177
but instead of' 
the hoped for pyrimidinone (421c), a solid B, whose analytical 
and mass spectral data were not mutually consistent, was 
Irm 
obtained in good yield. 	Combustion analysis indicated 
solid B to have the formula C 6 H 8 N 4 0 3 
 while the parent ion 
peak in its mass spectrum indicated a molecular weight of 
165. 	Also its 
1H n.m.r. spectrum in tetrafluoroacetic 
acid contained a one proton singlet at 6 8.46 possibly due 
to an N-H group and two broad singlets at 6 3.76 and 2.28 
each due to four protons and attributable to the protons 
of a pyrrolidine ring. 	The solid B has so far resisted 
identification. 	The lack of success in obtaining the 
pyrimidinone (421c) by condensing the formamidinium salt 
(420c) with malic acid resulted in attention being turned 
178 
to another well known method 	for the synthesis of 
pyrimidinones (428), namely, by reacting a formamidinium 
salt (426) with sodium ethyl formylacetate (427). 	In 
practice an aqueous solution of the salt (42Cc) was treated 
with an aqueous solution of sodium ethyl formylacetate 
(427) (which was readily prepared by the method of 
Gabriel 
178) 
 to give the desired pyrimidinone (421c) in low 
yield. 	This product gave satisfactory analytical and 
spectral data. 	The low yield rendered this reaction 
impractical as a stage in a synthetic route to the N-oxide 
(425c) and consequently no attempt was made to proceed 
further with its synthesis. 	The main product of the 
reaction of the salt (420c) with sodium ethyl formyl-
acetate (427) was the acetate salt of the starting material 
(429). 	This product gave analytical and 1H n.m.r. data 
-49- 











consistent with the assigned structure. 	However its mass 
spectrum contained a parent ion peak corresponding to two 
mass units greater than that expected for the acetate 
salt ( 4 :2 9). 	This result is not readily reconcilable 





After the limited success in synthesising the pyrrol- 
idinylpyrimidinone (421c) an attempt was next made to 
synthesise the corresponding piperidinylpyrimidinone (421d) 
and hence the N-oxide (425d). 	Thus the isothiouronium 
salt (419) was heated with piperidine, under the same 
-50- 
conditiàns which gave the pyrrolidinylfbrmamidinium salt 
(420c) to afford the piperidinylformamidinium salt (420d) 
in low yield. 	This product gave satisfactory analytical 
data. 	Also isolated from the reaction of the salt (419) 
with piperidine was unchanged isothiouronium salt (419) 
plus a solid whose i.r. spectrum indicated that it was 
a mixture of the formamidinium salt (420d) and another 
component. However, all attempts to resolve the mixture 
were unsuccessful. 	Furthermore the attempted reaction 
of the impure salt (4206) with malic acid, in the presence 
of fuming sulphuric acid, did not give the hoped for 
pyrimidinone (421d) but rather an intractible multicomponent 
gum. 	Lack of time resulted in this approach being 
abandoned at this point. 
Despite the failure of certain of the previously 
described synthetic approaches to 1,2, 5-oxadiazolo[3 ,4-d] 
pyrimidine 1-oxides the success of others provided access 
tc such molecules thus permitting the study of their 
reactivity as described in the following section. 
2.3 	Reactions of 1,2,5-Oxadiazo1o[3,4-Jpyrimidine 
.n-Oxides 
Having successfully prepared a range of oxadiazolo-
pyrimidine N-oxides it was of interest to compare their 
reactivity with that of known oxadiazolopyrimidine N-oxides 




























Reactions with Amino Compounds 
In the introduction to this chapter it was mentioned 
that benzofuroxan (360) and its derivatives react with active 
-methylene compounds under basic conditions to give high 
yields of quinoxaline di-N-oxides. 156 The proposed mechanism 
(Scheme 89) for these interesting reactions involves condensa-
tion of the ionised active methylene compound (e.g. dibenzbyl-
methane) with the benzofuroxan (430) to give a bridged inter-
mediate (431) which is suggested to rearrange to the quin-
oxaline di-N-oxide (432) as shown (Scheme 89). 	In the 
present studies it was hoped to apply reactions of this 
type to. oxadiazolopyrimidine N-oxides (433) thus providing 
a new synthetic route to pteridine •5,8-di-N-oxies (434). 
As mentioned earlier, more or less concurrently with these 
studies just such a reaction was reported 
165 although no 
details were given. - In the present work only the most 
readily obtainable oxadiazolopyrimidine N-oxide was 
initially studied. 	Thus the N-oxide (390a) was reacted 
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with acetylacetone under a variety of basic conditions 
in the hope of obtaining the pteridine di-N-oxide (435) 
(Scheme 90). 	Using triethylamine only unchanged N-oxide 
(390a) was obtained. 	However, treatment of an ethanolic 
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solution of the N-oxide (390a) with piperidine gave not 
the pteridine di-N-oxide (435) but a blue solid which gave 
analytical, mass spectral and 1H n.m.r. data consistent 
with it being 6_dimethylamino-2-methYl-5-nitroso 4 
(piperidin-l--yl)pyrimidifle (436), or 6-dimethylamino - 2 -
methyl-4-nitroso -- 5 - (piperidin-1-yl)pyrimidifle (437). 
Also isolated from this reaction was unchanged N-oxide 
(390a). 	Repetition of the reaction with omission of 
the acetylacetone gave exactly the same result confirming 
that the N-oxide (390a) was reacting directly with the 
piperidine. However none of the data obtained gave any 
indication of whether the piperidinyl group was in the 
4 or 5-position. 	It is difficult to see by what mechanism 
this reaction is occurring, although one possibility is 
that in solution the N-oxide (390a) undergoes rapid 
interconversion of the type shown in Scheme 91 and that 
piperidine simply displaces one of the nitroso groups in 
the dinitroso-intermediate (438). 	Interestingly there 
is no analogy for this reaction in the benzene series 
which might have helped provide a mechanism. 	Indeed it 
is reported 
179 that ben.zofuroxan (360) reacts with 
secondary aliphatic amines, in the cold, to give hydrazine 
derivatives (439) (Scheme 92). 	In an attempt to establish 
the exact structure of the nitrosopyrimidine derivative 
(436) or (437) and also the generality of this type of 




















under exactly the same conditions as for piperidine. 
In the case of pyrrolidine a good yield of 4,6-bis(pyrrolidin-
1-yl) -2-methyl--5-nitroSOpyrimidine (440) (Scheme 93) was 
obtained, 	clearly pyrrolidine, unlike piperidine, is a 
sufficiently strong nucleophile to also displace the dimethyl- 
amino group. 	The product of the pyrrolidine reaction is 
assigned the 4 ,6-bis (pyrrolidin-l-yl)pyrimidine structure 
(440) rather than the 4,5-bis(pyrrolidin--1-yl)pyrimidine 
structure (442) on the basis of its 
1H n.m.r. spectrum, 
(the analytical and mass spectral data being consistent 
with, both structures). 	The 
1H n.m.r. spectrum contained 
two multiplets at 6 1.74-2.12 and 6 3.68-3.96 due to the 
protons in the 2 and 5-positions and the 3 and 4-positions 
of the two equivalent pyrrolidine rings. 	Had the pyrrolidine 
rings been in different environments as is the case in the 
4,5-bis(pyrrolidin - 1-yl) structure (442) then four multiplets 
would have been observed. 	By analogy with this result it 
seems reasonable to assume that the product of the reaction 
of the N-oxide (390a) with piperidine is 6-dimethylamino-2-
methyl-5-nitrOso4(PiPeridifl1Y1)PYrimidine (436). 
In order to confirm that the product from the pyrrolidine 
reaction had the structure (440) various attempts were made 
to reduce it to the amine (441). 	Catalytic hydrogenation 
over palladium-on-charcoal gave a good recovery of unchanged 
starting nitrosopyrimidine (440), while heating with sodium 
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The N-oxide (390a) was next reacted with morpholine 
using the same conditions as for pyrrolidine. 	This reaction 
gave, a good yield of a blue gum which could not be crystallised. 
However an accurate mass measurement showed the gum had the 
formula C11H17N502 corresponding to that of 6-dimethylamino-
2-methyl-4-- (morpholin-1-yl) -5-nitrosopyrimidine (443) 
(Scheme 94). 	The 1H n.m.r. spectrum of the gum was also 
consistent with this structure except that the integral 
due to the morpholine protons indicated the presence of 
twelve protons instead of the expected eight. 	This can be 
accounted for by assuming the gum contains some morpholine 
as well as the nitrosopyrimidine (443). 	Also isolated 
from the reaction with morpholine was a small amount of the 
starting N-oxide (390a). 
Extending the reaction to include acyclic secondary 
amines met with varying success. 	The N-oxide (390a) 
reacted with dimethylamine to give the 4,6-bis-dimethyl-
amino-2-methyl-5-nitrosopyrimidine (444a) in excellcnt 
yield. 	This product gave satisfactory analytical, mass 
spectral and 1H n.m.r. data. 	Diethylamine however failed 
to react with the N-oxide (390a) under the same conditions, 
a result which is difficult to rationalise in view of the 
facility of the reactions with other amines. 
The scope of the reaction was also extended to include primary 
amines. 	Thus ethylamine reacted with the N-oxide (390a) 
to give 6-dimethylamino-4-ethylamino-2--methyl-5-nitroso-- 
-55- 
pyrimidine (444c) in-fair yield. 	Analytical, mass spectral 
and 111 n.m.r. data consistent with the assigned structure 
was obtained for this product. Methylamine on the other 
hand reacted with the N-oxide (390a) to give a blue solid 
believed to be 2-methyl-4 ,6-bis-methylamino-5-nitroso- 
pyrimidine (444b). 	Satisfactory analytical data could 
not be obtained for the product of this reaction, and while 
an accurate mass measurement confirmed it had the formula 
C7H11N 50 the 'H n.m.r. spectrum indicated the presence of 
two more protons than is consistent with the product being 
the nitrosopyrimidine (444b). 
In an attempt to generalise the reaction still further 
the N-oxide (390a) was treated with ammonia, hydrazine, 
phenyihydrazine and hydroxylamine under the same conditions 
as for pyrrolidine. 	Reaction with ammonia gave a low 
yield of a green solid which gave mass spectral and 1H n.m.r. 
data consistent with it being the 4-amino-6--dimethylamino-2-
I'nethyl-5-nitro3opyrimidine (444d). 	Also its i.r. spectrum 
contained an absorption band at 3250 cm -.l  attributable to 
the presence of an amino group. 	However satisfactory 
analytical data was not obtained and due to a shortage of 
material no further attempts could be made to purify the 
product. 	Treatment of the N-oxide (390a) with hydrazine 
did not afford the expected nitrosopyrimidylhydrazine 
(444e). 	Instead a pale fawn solid was obtained whose 
analytical and spectral properties provided no clue to 
its identity. 	Further work will 'be required to fully 
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failed to react with phenyihydrazine to give the hoped for 
hydrazine derivative (444f). 	In this case unchanged 
starting N-oxide (390a) was the only material isolated. 
Similarly reaction of the N-oxide (390a) with hydroxylamifle 
gave a low yield of an unidentified gummy solid instead of 
the expected nitrosohydroxyamine (444g) which it had been 
intended to react with -diketones to afford pteridine di- 
N-oxides (445) (Scheme 95). 
Having established that the N-oxide (390a) reacted 
readily with primary and secondary amines to yield nitroso-
pyrimidines (444) it was felt that it should be possible 
to cyclise these to the corresponding purine N-oxides 
(446) (Scheme 95). 	With this aim in mind the most readily 
available nitrosopyrimidine (440) was heated in aqueous 
hydrochloric acid solution in an attempt to cyclise it to 
the purine N-oxide (447) (Scheme 96). 	However only small 
quantities of gums were isolated from this reaction. 
In a further attempt to achieve acid-catalysed cyclisation 
to the puriné N-oxide (447) the nitrosopyrimidine (440) 
was heated briefly in acetic acid. 	However this reaction 
gave a low yield of the parent purine (448) instead of the 
N-oxide (447). 	The product (448) gave analytical and mass 
spectral data consistent with the assigned structure. 
Lack of material prevented the measurement of the 1H n.m.r. 
spectrum of (448). 	The lack of success in these attempts 
to cyclisé the nitroso-coinpound (440) under acidic conditions 
prompted the investigation of other methods for effecting 
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It is known 
91  that oxidation of nitrosouracils (449) 
with chromic acid affords purine N-oxides (452) by 
cyclisation of the intermediate imino-nitroso compounds 
IA rZr 	 (7 
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heating the nitrosouracils (449) with amyl nitrite and 
n-butanol also gives rise to purine N-oxides (452)91  again 
probably via imino-nitroso intermediates (450) (Scheme 97). 
However the precise mechanism of the amyl nitrite induced 
cyclisation is unclear. 	Hence if the analogous nitroso- 
pyrimidines (453) could be obtained by reaction of the 
N-oxide (390a) with suitable primary and secondary amines 
then these should he cycliseable to the purine N-oxides 
(454) and (455) (Scheme 98) using the aforementioned 
conditions. 	This would provide a novel synthetic route to 
purine N-oxides. 	With this in mind the N-oxide (390a) 
was reacted with benzylamine under standard conditions 
to give a fair yield of the required 4,6-bis-benzylamino--2-
methyl-5-nitrosopyrimidine (453a). 	This product gave 
satisfactory analytical and mass spectral data and its i.r. 
spectrum contained amino absorption at 3355 cm- 1. 	Likewise 
treatment of the N-oxide (390a) with -methylbenzylamine 
afforded 6-dimethylamino-2-rnethyl--4- (-methylbenzylamino)- 
5-nitrosopyrirnidine (453b) in good yield. 	Whilst satisfactory 
mass spectral and 1H n.m.. data was obtained for this compound 
some difficulty was experienced in obtaining satisfactory 
-58-- 
analytical data. 	However, an accurate mass determination 
gave data in accord with the expected molecular formula. 
Encouraged by these successes an attempt was made to extend 
the scope of reactions of the type [(390a) 
in order to produce a series of similar nitrosopyrimidines which 
could then be cyclised to the corresponding purine N-oxides. 
Thus benzhydryiamine and N-methylbenzylamine were reacted with 
the N--oxide (390a) in the hopes of obtaining the nitrosopyrim-
idines(453c) and (453d) respectively. 	In both cases the 
main product was a green gum which could not be crystallised 
for analysis. The 1H n.m.r. spectrum of the gum from the reaction with benz-
hydrylamine was in-consistent with the nitrosopyrimidine structure (453c). 
An attei t was made to characterise the green gum from the reaction with N-
methyl benzylarnine as the hydrochloride. However treatment of an 
ice-cold ethereal solution of the gum with anhydrous hydrogen 
chloride gas gave a solid which unfortunately changed to an 
intractable gum on attempted collection. 	The green gum from 
•N-methylbenzylamine decomposed to an intractable red gum 
before it could be further characterised. 
Having obtained two suitable substrates (453a) and 453b) 
an attempt was made to find the most suitable conditions for 
their cyclisation to the ourine N-oxides (454 a and b). 
Initial investigations were carried out using the nitrosopyrim-
idine (453b) because of its ready availability in good yield. 
By analogy with the work of Goldner91 cited earlier, attempts 
were made to cyclise the nitrosopyrimidine (453b) by heating 
it in n-butanol or in ethanolic solution with amyl nitrite. 
H 







However in both cases the only identifiable product was the 
unchanged nitrosopyrimidine (453b). 	Stirring the nitroso- 
pyrimidine (453b) in acetic acid with chromic acid (the other 
conditions found by Goldner to achieve successful cyclisation) 
gave a low yield of a colourless solid. 	Unfortunately there 
was insufficient material to allow the characterisation of 
this product. 	Because of the lack of success with the 
cyclisation methods described by Goldner, attention was 
directed to the use of other reagents for effecting the 
cyclisation o2 the nitrosopyrimidine derivatives in hand. 
It is known180 that manganese dioxide causes cyclisation 
of N-substituted o-phenylenediarnines (456) to benzimidazoles 
(457). 1 The mechanism proposed for this reaction (Scheme 99) 
is similar to that postulated for the oxidative cyclisation 
of the nitrosopyrimidine (449) (Scheme 97). 	It seemed 
reasonable therefore,to assume that manganese dioxide 
oxidation of an N-substituted o-nitrosopyrimidine would 
afford a purine N-oxide. 	Consequently the nitrosopyrimidine 
(453b) was heated in benzene with manganese dioxide, under 
conditions successful for the conversion of o-phenylenedi.amines 
(456) into benzimidazoles (457), in the hope of obtaining the 
purine N-oxide (454b) . 	However, no reaction took place. 
In a further attempt to cyclise the nitrosopyrirnidine (453b) 
it was stirred in ethanolic sodium ethoxide. 	Under these 
conditions it was hoped that cyclisation would afford the 
N-hydroxypurine (459) by generation of the carbanion (458) 
followed by aldol-type ccndensation with the nitroso group 
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(Scheme 100) . 	However, the only product isolated was a 
inulticomponent gum from which no identifiable material 
could be obtained. As a last resort an attempt was made 
to cyclise the nitrosopyrimidine (453b) under acidic condit-
ions successful for the cyclisation of the nitrosopyrimidine 
(440) to the purine (448). 	However, once again only 
unchanged nitrosopyrimidine (453b) was isolated. 
Despite the lack of success with the substrate .(.4.53b) an 
attempt was made to cyclise the related nitrosopyrimidine 
(453a) to the N-oxide (454a) by heating in acetic acid, the 
only conditions which had previously shown promise for purine 
formation (see before). 	Heating the nitrosopyrimidine (453a) 
in acetic acid gave a low yield of a colourless solid whose 
combustion analysis was consistent with the molecular formula 
C21H 21N502 consistent with its formulation. as an acetic acid 
solvate of the purine derivative (460). 	Thiswas confirmed 
by the presence of signals in the 1H n.m.r. spectrum of the 
product due to two methyl groups and the presence in its 
mass spectrum of a parent ion peak at 315 mass units, the 
accurate mass measurement of which was consistent with the 
molecular formula C 19H 17N5 corresponding to the free 
purine (460). 	Prompted by this successful cyclisation an 
attempt was made to cyclise the blue gum obtained in the 
reaction of the N-oxide (390a) with morpholine, by heating 
it in acetic acid, with a view to establishing the nitroso- 
pyrimidine structure (443) for the blue gum. 	However, the 
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only identifiable product of this reaction was a colourless 
solid which was isolated in such a low yield that it could 
not be purified to obtain accurate analytical and 1 H n.m.r. data. 
An accurate mass measurement on the crude solid did not give 
a meaningful result. 
Having achieved some success in cyclising aminated nitroso-
pyrimidines to purine derivatives it was of interest to try to 
extend the scope of this type of ring formation. To this end 
the N-oxide (390a) was reacted with aniline and N-methylaniline 
in the hope of obtaining nitrosopyrimidine derivatives 
(461 a and b) suitable for cyclisation (Scheme 102) to the 
N-hydroxypterins (462 a and b) which like certain pterins might 
show interesting biological activity. 	In practice, aniline 
failed to react with the N-oxide (390a) at room temperature 
but at 50° gave the hoped for 6-dimethylamino-2-methyl-5-
nitroso-4-N-phenylaminopyrimidine (461a) in good yield. 
The product (461a) gave analytical and mass spectral data 
consistent with the assigned structure. 	The attempted 
cyclisation of the nitrosopyrimidine (461a) in hot acetic acid 
resulted only in the formation of multicomponent gums from 
which no identifiable material could be obtained. 
N-Methylaniline failed to react with the N-oxide (390a), even 
at 500 suggesting that nucleophilic attack on the N-oxide 
(390a) is sterically hindered by the presence of the 
N-methyl group. 	The N-oxide (390a) was also heated with 
o-phenylenediarnine in the hope of obtaining either the pterin 
(464) , by displacement of both potential nitroso moieties, 
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or the nitrosopyrimidine (463) which might then be oxidatively 
cyclised to the pyrimidobenzotriazepine N-oxide (465) (see 
Scheme 103). 	In practice the reactionof the N-oxide (390a) 
with o-phenylenediamine gave a colourless solid whose 
analytical and mass spectral data were not mutually consistent. 
The mass spectrum contained a parent ion corresponding to 
261 mass units while its elemental analysis, was not consistent 
with any rational molecular formula. 	The 1Hn.m.r. spectrum 
was likewise not readily interpretable. 	The i.r. spectrum of 
the solid contained bands at 3180 and 1710 cm- 
1  attributable to 
an amino and a carbonyl group respectively. Further work will 
be required to clarify the structure of this product. 	An 
attempt was also made to react the N-oxide (390a) with 
ethylenediamine with a view to obtaining either the pteridine 
(468) or the nitrosopyrimidine (466) which on oxidative cyclis-
ation might afford the pyrimidotriazepine N-oxide (467) (Scheme 
104) (cf. Scheme 103). 	However this reaction gave an unstable 
green gum which decomposed overnight to an intractable brown 
gum. 	Although the green colour of the original gum 
suggested it might be the nitrosopyrimidine derivative (466) 
no data could be obtained to substantiate this formulation 
due to the instability of the gum. 
An attempt was next made to react the N-oxide (390a) with 
the amidines acetamidine and guanidine with a view to producing 
the nitrosopyrimidines(469a) and (469b) which might spontan-
eously cyclise either to the purines (471a) and (471b) or the 
N-hydroxyazapteridines (470a) and(470b). 	As mentioned in 
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considerable synthetic interest due to their potential anti-
biotic properties. 	However reacting the N-oxide (390a) with 
acetamidine under standard conditions gave none of the hoped 
for products (469a), (470a) or (471a). 	Instead a low yield 
of a solid which gave analytical, mass spectral and 1H n.m.r. 
data consistent with it being 7-amino-5--methyl-1,2,5-oxadiazolo 
[3,4-Jpyrimidine 1-oxide (473) (Scheme 106) was obtained. 
This could have been formed by nucleophilic displacement of 
the dimethylamino group by acetamidine, to give the inter-
mediate (472.) followed by hydrolysis to the observed product 
(473) (Scheme 106). 	Also isolated from the reaction in low 
yield was a green gum which may be the nitrosopyrimidine deriv-
ative (469a). 	Lack of material prevented the further 
identification of the gum. 	Reaction of the N-oxide (390a) with 
guanidine might reasonably have been expected also to yield 
the aminopyrimidine N-oxide (473). 	However this reaction 
only gave an intractable multicomponent gum. 
The reluctance of aminated nitrosopvrimidines having 
relatively unreactive N-alkyl substituents to undergo 
cyclisation prompted the study of the reactions of the 
N-oxide (390a) with amines having an a-methylene group 
activated by a cyano substituent. 	The ortho-alkylamino- 
ñitrosopyrimidines (475) so formed would hopefully be amenable 
to aldol-type cyclisation giving N-hydroxypurine derivatives. 
(476) (Scheme 107). 	An attempt was therefore made to react 
the N-oxide (390a) with the readily available N-methylamino-
acetonitrile (474a) in the hope of obtaining the nitroso-
pyrimidine (475a) which might then be cyclised to the 
N-hydroxypurine (476a). 	However only unchanged N-oxide (390a) 
and triethylamine hydrochloride were isolated from this 
-64- 
reaction. 	The N-oxide (390a) was also recovered unchanged 
after heating at 500 and finally under ref lux with cx- (-methy1-
amino)phenylacetonitrile in an attempt to form the nitroso-
pyrimidine (475b). 	The lack of reaction between the N-oxide 
(390a) and the amino-compounds (474a and b) may be attributed 
to steric hindrance by the N-rrethyl group. In order to determine if 
this was the case an attempt was made to react the N-oxide 
(390a) with ci-cyanobenzylamine (474c). 	However this reaction 
gave mainly the unreacted N-oxide (390a) rather than the 
nitrosopyrimidine (475c). 	Also formed in low yield was a 
colourless solid whose analytical and spectral properties did 
not permit the assignment of a structure. However the 
low nitrogen content observed for this compound suggests that 
it is a decomposition product of.cx-cyanobenzylamine rather 
than a product of the reaction of the latter with the 
N-oxide (390a). 
Having defined the limitations of the reactions of the 
N-oxide (390a) with amines attention was next directed to 
analogous ring-opening reactions of other oxadiazolo-
pyrimidine N-oxides with amines. 	Thus, the N-oxide (390c) 
was found to react with pyrrolidine at room.temperature to 
give 2 ,6-bis-dimethylamino-5-nitroso-4- (pyrrolidin-l-yl)- 
pyrimidine (477) in moderate yield. 	This result indicates 
that other 5,7-disubstituted oxadiazolopyrimidine 1-oxides 
will react with amines in the same way as the N-oxide 
(390a). 	The product (477) gave analytical, mass spectral and 
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(477). 	It should be noted however that the 1H n.m.r. absorptior 
of the protons in the dimethylamino groups is partly obscured 
by the 'H n.m.r. absorption of the pyrrolidine ring protons. 
The reaction of amines with oxadiazolopyrirnidine 1-oxides 
unsubstituted in the 5-position was also investigated. 	The 
most readily available N-oxide of this type, and hence the 
161 
one chosen for study was the known 	1,2,5-oxadiazolo[3,4-dI 
pyrimidin-7(6H)-one 1-oxide (414). 	When this N-oxide was 
stirred with pyrrolidine under the standard conditions it 
gave a good yield of a colourless solid whose analytical 
and mass spectral data showed it to be 4-(pyrrolidin-1-yl)--
formylamino-1,2,5-oxadiazOle-3CarbOXamide 2-oxide (479). 
Hence in this instance nucleophilic attack occurs at the 
unsubstituted 5-position of the pyrimidine ring rather than 
at the oxadiazole ring. 	Indeed, it is interesting to 
speculate that the previously observed reactions of 
oxadiazolopyrimidine N-oxides with amines in which nitroso-





















5-position in these compounds is blocked to attack by the 
presence of a substituent, at what would otherwise be the 
preferred site for nucleophilic attack. 	A possible mechanism 
for the formation of the furoxan (479) involves initial 
nucleophilic attack at the 5-position followed by ring 
opening to the amide (479) (Scheme 108). 	In order to 
establish the structure of the oxadiazole N-oxide (479) 
it was heated in ethanol with dilute aqueous hydrochloric acid, 
conditions which are well known to cleave imines to amines, to give 
the hoped for arninoamide (480) in good yield (Scheme 109). 
This product gave satisfactory analytical and mass spectral 
data and its i.r. spectrum contained absorption bands 
attributable to a primary amino substituent and amino and 
carbonyl absorption of a primary carboxamide group. 	To 
further confirm the structure of the oxadiazole N-oxide 
(479) an attempt was made to convert the aminoamide (480) 
back into the starting pyrimidine N-oxide (414) by heating 
it with triethylorthoformate. However the product of this 
reaction was the ethoxymethylene derivative (481). 	This 
product gave analytical and mass spectral data consistent 
with the assigned structure. 	An attempt was also made 
to react the amino-amide (480) with nitrous acid at 00  in 
the, hope of obtaining the 1,2,5-oxadiazO1o[3,4--1--1,2,3- 
triazin-4(5H)-one 1-oxide (484). 	This attempted reaction 
was based on the work of Stevens 183 who diazotised the 
oxiine (48 2) to give the 2,8-diaza-adenine 1-.N-oxide (483). 
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However the attempted diazotative cyclisation of the 
amino-amide (480) gave mainly unreacted starting material 
together with a small amount of an unidentified yellow solid. 






H 2N ° HNO2 
H2N N' 0 	 NN N-'° 
(480) 	 (.4841 
Having established the structure of the oxadiazole 
N-oxide derivative (479) attention was directed to the 
investigation of the generality of this ring-opening 
reaction. 	Thus the N-oxide (414) reacted with piperidine 
as with pyrrolidine to afford the expected oxadiazole 
N-oxide derivative (485a) in good yield. 	The structure 
of this product was confirmed by its acidic hydrolysis to the 
amino-amide (480). 	Interestingly the 1H n.m.r. spectrum of 
(485a) contained two one-proton signals at 68.38 and 8.75. 
This suggests that the product is in fact a mixture of the 
two geometrical isomers (486) and (487). 	The N-oxide (414) 
also reacted with morpholine giving the ring-opened product 
(485b) although in this case the 1H n.m.r. data indicated 
the presence of only a single isomer. 	The N-oxide (414) 
reacted similarly with the primary amine, ethylamine, to 
give the anticipated oxadiazole N-oxide (.488a) as a mixture 
of geometrical isomers as indicated by the presence of two 
one-proton singlets in its 'H n.m.r.. spectrum and two 
carbonyl bands in its i.r. spectrum. 
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When the N-oxide (414) was reacted with the acyclic secondary 
amine, diethylamine, two products, both of which gave 
analytical, mass spectral and 1H n.m.r. data consistent with 
their being the oxadiazole N-oxide (488b), were obtained. 
One was a yellow solid melting at 99-102 ° . 	The other was 
a colourless solid,m.p. 1357 01 which contained a carbonyl 
band at 1710 cm  - 1  in its i.r. spectrum consistent with it 
being the oxadjazole carboxamide N-oxide (488b). 	The 
yellow product showed low frequency i.r. carbonyl absorption 
at 1640 cm- 
1  and its 1  H n.m.r. spectrum contained a low field 
one proton singlet at 6 7.98. 	These features are inconsistent 
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formed by analogy with the transformation [(490) P(491)] 
(cf. Scheme 111) , and are more in accord with the formulation 
of the yellow product as the diethylamine salt of the 
oxadiazolopyrimidine N-oxide (414). 
As most types of amine appear to ring-open the N-oxide (414) 
to give formylamino-oxadiazOle N-oxide derivatives an attempt 
was made to utilise this ring-opening reaction to produce 
intermediates which could then be recyclised to novel 
heterocyclic ring systems. 	The N-oxide (414) was therefore 
reacted with hydrazine in the hope of obtaining the hydrazthe 
which might then undergo ring-closure to the otherwise 
difficultly accessible N-amino-oxadiazolopyrimidine N-oxide 
(Scheme 112). 	In practice this reaction afforded in 
low yield an intractable solid which could not be characterised. 
It has thus been demonstrated that the way in which 
1,2,5-oxadiazo1o[3,4-]pyrimidifle 1-oxides react with amines 
depends on the mode of substitution of the pyrimidine ring. 
Where the 5-position is unsubstituted attack occurs at this 
site to give ring-opened formylamino-1,2,5-oxadiaZole 
2-oxide derivatives. 	On the other hand when the 5-position 
is substituted attack occurs at the oxadiazole ring to 
afford nitrosopyrimidine derivatives. 
Reactions with Other Nucleophiles 
Having been successful in reacting various 1,2,5-oxadiazolo 
[3,4-d]pyrimidine 1-oxides with amines, it seemed reasonable 
that these N-oxides should also react readily with other 
nucleophiles. 	The reaction of the N-oxides (390a) and 
(414) with ethanolic sodium ethoxide was therefore investi-
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derivative (494) and the 1,2,5-oxadiazole N-oxide (495) 
respectively. 	In the former reaction only small quantities 
of gum were isolated while in the latter case no identifiable 
material could be isolated on working up the reaction mixture. 
As has been mentioned earlier Ley has shown 160 that 
benzofuroxan and its derivatives react with formaldehyde in 
the presence of alkali to afford 1,3-dihydroxybenzimidazolones. 
Therefore, with the object of obtaining the di-N-hydroxypurine 
derivative (496) (Scheme 114), the N-oxide (390a) was treated 
with formaldehyde in the presence of potassium hydroxide. 
In practice this reaction gave a low yield of a fawn coloured 
solid whose analytical and mass spectral data were consistent 
with it being the N-oxide (497). 	Also its i.r. spectrum 
contained bands at 3183 and 3113 cm- 
1  attributable to the 
presence of 	
-1 
an amino function and band at 1712 cm due to 
a carbonyl group. 	Formation of the N-oxide (497) is readily 
explained in terms of hydrolytic removal of the dimethylarnino 
group from the substrate (390a) in the strongly basic medium. 
An example of the hydrolytic displacement of a dirnethylamino 
group attached to a pyrirnidine ring has already been 
described (see 	 ). 	In an attempt to 
demonstrate the formation of (497) from the N-oxide (390a) 
the latter was treated with potassium hydroxide. 	However this 
reaction gave only inulticomponent gums suggesting that 
formaldehyde is also needed in the formation of the 
product thought to be the N-oxide (497) though why this 
should be is not clear. 
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Attention was next directed towards the synthesis of 
the azapteridine di-N-oxide (498) by heating the N-oxide 
(390a) with disodium cyanamide in methanol. 	This proposed 
transformation is based on the work of Ley 
158 who showed that 
benzofuroxan reacts with disbdium cyanamide in methanol to 
give the corresponding .benzo-1,2,4-triazine l,4-di-N-oxide 
(see before). 	In practice reaction of the N-oxide (390a) 
with disodium cyanamide gave only a very low yield of a dark 
solid whose mass spectrum showed a parent ion peak at 281 mass 
units consistent with a structure [e.g. Scheme 115; (499)] in 
which two molecules of disodium cyanamide have attacked the 
oxadiazole ring. 	However without more material to obtain 
analytical and further spectral data the structure (499) 
for the product must remain tentative. 
An attempt was also made to react the N-oxide (390a) 
with ethyl cyanoacetate in the presence of 1,5-diazabicyclo 
[4.3.0]non - 5 -ene (500) in the expectation of obtaining the 
pteridine derivative (501) (Scheme 116). 	Again the analogy 
for this transformation comes from the reaction of benzofuroxan 
with active methylene compounds to afford quinoxaline di-N-
oxides (see Scheme 73). 	1,5-Diazabicyclo[4.3.0]non -- 5 -efle 
(500) was chosen as the base for this reaction because it is 
a strong base but a weak nucleophile and therefore is 
unlikely to react with the N-oxide (390a). 	Unfortunately only 
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The results described above indicate that pyrirnidofuroxans 
do not react with other nucleophiles as they do with amines. 
Also nucleophilic reactions which are successful in the benzo-
furoxan series cannot be extended readily to pyrimidofuroxans. 
Reactions with Hydroxylic Solvents 
It is known 
163 that the N-oxide (502) reacts under very 
mild conditions with hydroxylic solvents to afford covalent 
adducts of the type (503, R = H, Me, Et). 	It has also 	been 
shown 163 that the presence of a methyl group at the site of 
attack prevents adduct formation. 	It was therefore of 
interest to see if having a substituent at the 7-position, 
the site of attack, whilst leaving the 5-position unsubstituted 
would result in the formation of a 5-substituted 4,5-dihydro-
1,2,5-oxadiazo1o[3,4--]pyrimidine 1-N-oxide [Scheme 117; 
(504)-4(505)]. 	Thus the N-oxide (504) was stirred in 
aqueous 1,4-dioxan in the hope of obtaining the adduct (505a). 
However only unchanged starting material was recovered. 
Similarly the N-oxide (504) failed to react with ref luxing 
methanol to give the hoped for adduct (505b). 	Likewise, 
the N-oxide (414) failed to give the desired adducts 
(506 a or b) when treated with aqueous 1,4-dioxan and 
refluxing ethanol respectively. 	Unchanged N-oxide (414) 
was recovered in both cases. 	An attempt was also made 
to react the 5,7-disubstituted N-oxide (390a) with water 
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attempted simply to confirm that the presence of a substituent 
at the 7-p6sition did indeed prevent adduct formation. 
The reaction afforded a quantitative recovery of unchanged 
starting material thus verifying the blocking effect of a 
C(7) substituenton adduct formation. 
Oxidation and Reduction 
The N-oxide (502) has been successfully oxidised to the 
dinitropyrimidinone (510) using manganese dioxide. 163 
The mechanism (Scheme 118) for this reaction is thought 163 to 
involve the intermediate formation of the oxadiazolopyrimidinone 
1-oxide (508). • However, another possibility is that the 
N-oxide (502) is oxidised first to the dinitropyrimidine (509) 
which then undergoes further oxidation to the dinitropyrimidinone 
(510) (Scheme 118). 	It was therefore of interest to see if 
the presence of a substituent at the 7-position would prevent 
oxidation occurring by stopping the formation of the 
oxadiazolopyrimidinone 1-oxide intermediate. 	Thus the N-oxides 
(390a) and (390c) were treated with manganese dioxide in 
dimethylformamide, in the expectation of obtaining the nitro- 
pyrimidines (511) 	and (512). In both cases unchanged 
.
N--oxide was the only isolable product. It would appear 
therefore that the presence of a substituent at the 7-position 
prevents oxidation occurring by inhibiting the formation of 
an oxadiazolopyrimidinone N-oxide intermediate. 	The presence 
of a fused pyrimidinone ring must thus be necessary to activate 



















was also made to react the N-oxide (414) with manganese dioxide in 
dimethylformamide in order to investigate the effect of the 
r__I N _N 
H NAN.-O 
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(513) 	U 
absence of a substituent at the 5-position on the susceptibility 
of the oxadiazole ring to oxidation. 	Here again, unchanged 
N-oxide (414) was isolated from the reaction and not the hoped 
for dinitropyrimidinone (513). 	This result suggests that the 
oxidation of the N-oxide (502) may well be a special case in 
which the presence of an electron-donating substituent at the 
5-position, and, the absence of a substituent at the 7-position 
combine to make oxidation of the oxadiazole ring possible. 
However, it would be interesting to see how varying the 
substituent at the 5-position affects the course of oxidation 
of N-oxides such as (502). 
The reduction 163 of oxadiazolopyrimidine N-oxides of 
the type (514), using sodium borohydride in diglyme, affords 
1,4-dihydro compounds (515) (Scheme 120). 	This contrasts 
with the behaviour of benzofuroxan (360) which affords the 
dioxime (516) (Scheme 120) on reduction with 
Consequently it seemed worthwhile to investi 
generality of the unusual sodium borohydride 
pyrimidofuroxans. Thus the N-oxides (390a) 
heated in diglyme with sodium borohydride in 
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However, in both cases only the starting N-oxide was 
isolated together with small quantities of gums. 	These 
results suggested that the reaction conditions used were 
not vigorous enough to promote reduction, possibly due to the 
large dimethylamino group sterically hindering attack at the 
7-position. 	Consequently a solution of the N-oxide (390a) 
in methanol was stirred under nitrogen with sodium borohydride 
in the presence of palladium-on-charcoal in an attempt to 
obtain the dihydro compound (517). 	The product of this 
reactionwas a colourless solid which gave an accurate mass 
measurement consistent with the formula C 7H 9N50.corresponding 
to the furazan structure (518) a reasonable product of the 
reduction of the N-oxide (390a). 	Unfortunately lack of 
material prevented further information being obtained in 
support of this structure for the product. 	Also isolated 
in the reaction was a low yield of an orange solid whose 
mass spectrum had the same parent ion peak as the starting 
N-oxide (390a). 	However, the orange solid had a higher 
melting-point than the N-oxide (390a) and its i.r. spectrum 
contained absorption bands due to the presence of an amino 
function, 	unfortunately lack of material prevented the 
orange solid being investigated further. 	In an effort 	to 
determine if the colourless product was indeed the furazan 
(518) .an attempt was made to prepare it by another route. 
Thus the N-oxide (390a) was heated with sodium dithionite 
in aqueous ethanol, (conditions which are well known to 
reduce N-oxides to the parent bases) in the hope of obtaining 
the furazan (518). 	However only unchanged N-oxide (390a) 
was isolated from this reaction. 	Consequently a further attempt 




















N-oxide (390a) with triethyl phosphite. 	This reaction is 
based on the analogous reduction of benzofuroxan (360) to 
benzofurazan (520) . 185 	This reduction afforded mainly 
unchanged N-oxide (390a) and a trace amount of a solid 
whose mass spectrum indicated it contained some of the 
furazan (518). 	However, its melting-point and i.r. 
spectrum were different to those of the supposed furazan 
(518). from the sodium borohydride reaction. 	The attempted 
conversion of the N-oxide (390a) into the furazan (518) in 
refluxing triethyl phosphite gave only an unresolvable multi- 
component gum. 
Attention was 'next directed towards reducing the 
N-oxide (504),which is unsubstituted in the 5-position, 
with sodium borohydride. 	Here, interest centred on whether 
the absence of a substituent in the 5-position would cause 
the 4,5-dihydro compound (521) to be formed in preference 
to the normal 4,7-dihydro compound (522). 	In practice 
however reduction only gave small quantities of multicomponent 
-77- 
2.4 	Experimental 
The Preparation of 4, 6-Dichloro--5-nitropyrirnidines 
4 ,6-Dichloro-2-dimethylamino-5-flitrOPYrimidifle (386b) was 
prepared (32%) by the method of Boon, with the modification 
that N,N-diethylaniline was used instead of N,N-dimethylaniline, 
and had m.p. 110-5 ° (lit. 
,170  117-120°). 
4, 6-Dichloro-2-methyl-5-nitropyrimidifle (386a) was prepared 




The Preparation of 4-Chloro-6-dimethylarflino-5-nitropyrirnidineS 
4-Chloro-2,6--b.is(dimethylamino)-5-nitropyrimidifle (387c) 
A 40% w/v aqueous solution of dimethylamine (1.8 ml), buffered 
to pH 6 with glacial acetic acid, was added at 15-20° (water 
bath) to a stirred solution of 4,6--dichloro--2-dimethylarnino-5-
nitropyrimidine (386b),(0.94 g, 0.004 mol) in dioxan (10.0 ml). 
The resulting solution was stirred at room temperature for 
80 min and was then diluted with water (40.0 ml) to yield 
4-chloro-2 ,6-bis(dimethylamino)-5-nitropyrimidine (387c) 
(0.90 g, 92%) which formed yellow plates, m.p. 103-4 
0
(from 
light petroleum), Vmax 1510 and 1335 (No 2 ) cm 1 , S (CDC1 3 ) 
3.02 (6H, s, NMe 2 ), and 3.05 (6H, s, NMe 2 ). 
Found: C, 38.6; H, 4.8; N, 28.2%; 
981!12C 1N  502
_requires: C, 39.1; H, 4.9; N, 28.5%; 
The mother liquor was extracted with chloroform to give 
a gum (0.06 g) which was shown by t.l.c. in 10% v/v ethyl 
acetate-light petroleum over silica to be an unresolvable 
multicomponent mixture. 
4-Chloro-6-dimethylamino-2-methyl-5-nitropyrimi.difle (387a) 
A 40% w/v aqueous solution of dimethylamine (7.5 ml), 
buffered to pH 6 with glacial acetic acid, was added at 
15_200 (water bath) to a stirred solution of 4,6-dichioro-
2-methyl-5-nitropyrimidine (386a),(2.4 g, 0.012 mol) in 
dioxan: (20.0 ml). 	The resulting solution was stirred at, 
room temperature for 50 min and was then diluted with water 
(100 ml) to yield 4-chloro-6-dimethylamino--2-methyl-5-
nitropyrimidine (387a),(2.1 g, 83%) which formed yellow 
needles, m.p. 96_80  (from ethanol-water), Vmax 1558 and 
1335 (NO2 ) cm 1 , 6(CDC1 3 ) 2.52 (3H, 's, Me), and 3.15 
(6H, s, NMe2 ) 
Found: C, 38.8; H, 4.1; N, 25.1%; 
C71 9C1N402 requires: C, 38.8; H, 4.2; N, 25.9%; 
The mother liquor was extracted with chloroform to give 
a gum (0.34 g) which was shown by t.l.c.in 10% v/v ethyl 
acetate-light petroleum over silica to be an unresolvable 
irulticomponent mixture. 
4-Chloro-6-dimethvlamino-5-nitropyrimidine (407b) was 
prepared (87%) by the method of Rose and had m.p. 94-8 0  
(lit., 167  102-4°). 
The Preparation of 4-Chloro-6-methoxy-5-nitropyrimidines 
4-Chloro-2-dimethylamino-6--methoxy-5-nitropyrimidine (387d) 
To a rapidly stirred solution of 4,6-dichloro-2-dimethyl-
amino-5-nitropyrimidine (386b), (0.94 g, 0.004 mol) in 
absolute methanol (52.0 ml) maintained at 0 (ice-salt bath) 
was added dropwise a solution of sodium (0.092 g, 0.004 mol) 
in methanol (6.0 ml). 	The resulting mixture was stirred 
-79- 
at room temperature for 1 h before being evaporated, treated 
with methylene chloride (20.0 ml) and filtered to remove 
inorganic material. 	Evaporation of the methylene chloride 
extract. gave 4-chioro-2-dirnethyiamino- 6 -methOXY-5 flitrOPYrimi 
dine (387d) .,(0.90 g, 98%) which formed yellow needles, m.p. 
109-1120  (from ethyl acetate-light petroleum) (lit., 171 
114-6° ), Vmax 1540 and 1330 (NO 2 )cm 1 , 6(CDC1 3 ) 3.21 (6H, s, 
NMe 2 ) and 4.01 (3H, s, OMe). 
Found: C, 36.4; H, 4.1; N, 23.7%; 
Caic. 	forC 7H 9C1N4 O 3 : C, 36.1; H, 3.9; N, 24.1%; 
4-Ch1oro-6-methoXy5-nitroPYrirnidifle (407a) was prepared (70%) 




4-Chloro-6-methoxy-2-methyl-5-flitropyrimidine (387b) was 
prepared (79%) by the method of Urban and Schnider and had 
m.p. 45-6 
o  (lit., 
173  51-2 o ). 
The Reactions of 4-Chloro-5-nitropyrimidine Derivatives with 
Sodium Azide 
A solution of the 4-chloro-5--nitropyrimidine derivative in 
dry tetrahydrofuran was treated with a solution of sodium 
azide in 16% v/v aqueous tetrahydrofuran and the resulting 
solution was stirred at room temperature for 1 h. 	The products 
were isolated by evaporation of the reaction mixture and 
treatment of the solid residue with water. 
ORM 
Stirring 4-chloro-6-dimethylamino-2-methyi-5-
nitropyrimidine (387a),(0.43 g, 0.002 mol) for 6 h in dry 
tetrahydrofuran (3.0 ml) with a solution of sodium azide 
(0.20 g, 0.003 mol) in 16% v/v aqueous tetrahydrofuran 
(12.0 ml) gave unchanged starting material,(37%), m.p. 
88-93° , identical (m.p. and i.r. spectrum) with an authentic 
sample. Extraction of the neutral aqueous mother liquor 
with chloroform gave a dark oil (0.03 g) which was shown by 
t.l.c. in 10% v/v ethyl acetate-light petroleum over silica 
to be an unresolvable three component mixture. 
The mixture, from the reaction of 4-chloro-6-methoxy--
2-methyl-5-nitropyrirnidine (387b),(0.81 g, 0.004 mol) in dry 
tetrahydrofuran (5.0 ml) with a solution of sodium azide 
(0.39 g, 0.006 mol) in 16% v/v aqueous tetrahydrofuran 
(24.0 ml) for 65 h, was concentrated and extracted with chloro-
form to give an orange oil (0.20 g). This was shown by t.1.c. 
in 10% v/v ethyl acetate-light petroleum over silica to be 
an unresolvable three component mixture. 	The acidic aqueous 
mother liquor was buffered neutral with aqueous dilute sodium 
hydroxide and extracted with chloroform to give a negligible 
amount of a yellow oil. 
Stirring 4-chloro-2,6-bis(dimethylamino)-5-
nitropyrimidine (387c),(0.24 g, 0.001 mol) in dry tetrahydro-
furan (2.0 ml) for 4 h with a solution of sodium azide 
(0.098 g, 0.0015 mol) in 16% v/v aqueous tetrahydrofurari 
(6.0 ml) gave unchanged starting material,(96%), m.p. 98-
103° , identical (m.p. and i.r. spectrum) with an authentic 
sample. 
Stirring 4-chloro--2-dimethylamino-6-methoxy-5-
nitropyrirnidine (387d),(0.23 g, 0.001 mol) in dry tetra-
hydrofuran (4.0 ml) for 1 h 35 min with a solution of 
sodium azide (0.098 g, 0.0015 mol) in 16% v/v aqueous. 
tétrahydrofuran (6.0 ml) gave unchanged starting material, 
(96%), .m.p. 104-9 0 , identical (m.p. and i.r. spectrum) with 
an authentic sample. 
Reaction of 4-chloro-6-methoxy-5-nitropyrimidine 
(407a),(0.76 g, 0.004 mol) in dry tetrahydrofuran (10.0 ml) 
with a solution of sodium azide (0.39 g, 0.006 mol) in 16% 
v/v aqueous tetrahydrofuran (24.0 nil) gave unchanged starting, 
material,(32%), m.p. 60-3 ° , identical (m.p. and i.r. spectrum) 
with an authentic sample. 	The neutral- aqueous mother liquor 
was extracted with chloroform to give a negligible amount of 
a solid. 
Reaction of 4-chloro-6-dimethylamino-5-nitropyri-
midine (407b),(0.78 g, 0.004 mol) in dry tetrahydrofuran 
(20.0 ml) with a solution of sodium azide (0.39 g, 0.006 mol) 
in 16% v/v aqueous tetrahydrofuran (24.0 ml) gave unchanged 
starting material,(64%), m.p. 94-8 ° , identical (m.p. and i.r. 
spectrum) with an authentic sample. 	The neutral aqueous 
mother liquor, was extracted with chloroform to give a 
negligible amount of yellow gum. 
The Reactions of 4-Chloro-5-nitropyrimidines with Hydrazine 
A solution of 100% hydrazine hydrate in ethanol was added 
dropwise to a stirred solution of the 4-chloro-5-nitropyri-




After 45 min warming up at room temperature the mixture, from 
the-reaction of the 4-chloro-5-nitropyrimidine (387a),(1.3 g, 
0.006 mol) in ethanol (35.0 ml) with 100% hydrazine hydrate 
(0.61 ml) in ethanol (11.5 ml), was filtered to give a solid, 
which was combined with a second crop obtained from the 
ethanol filtrate after 17 h to give the hydrazine (388a), 
(99%) which formed yellow needles, m.p. 153-5
0  (from ethyl 
acetate), max 3300 and 3130 (NH), and 1520 and 1280 (NO 2 )
Cm 1 , ó [ (CD 3 ) 2Sol 2.31 (3H, s, Me), 3.04 (6H, s, NMe 2 ) , 
5.02 (2H, br s, NH 2 ), and 9.65 (1H, br s, NH). 
Found: C, 39.2; H, 5.4; N, 39.2%; 
requires: C, 39.6; H, 5.7; N, 9.5%; 
The ethanol filtrate was evaporated to afford a gummy 
solid (0.12 g) which was shown by t.l.c. in 10% v/v ethyl 
acetate-light petroleum over silica to be an unresolvable 
three component mixture. 
4-Hydrazino--6-methoxy-2-rnethyl-5-nitropyrimidine (388b) 
After 10 min warming up at room temperature the mixture, from 
the reaction of the 4-chloro-5-nitropyrimidine (387b),(11.2 g, 
0.055 mol) in ethanol (70.0 ml) with 100% hydrazine hydrate 
(5.65 ml) in ethanol (105 ml) , was filtered, and the solid 
washed with water (5.0 ml) to yield the hydrazine (388b), 
(78%) which formed yellow needles, m.p. 148_1500  (from toluene) 
(lit., 164 137-8°), Vx 3350, 3290 and 3200 (NH), and 1546 and 
1347 (NO 2 ) cm 1 ,S [(CD3 ) 2SO] 2.36 (3H, s, Me), 3.94 (3H, s, 
OMe), 4.20 (2H, br s, NH 2 ), and 9.60 (1H, br s, .NH). 
Found: C, 35.3; H, 4.5; N, 34.8%; M, 199. 
69!'i53 _requires: C, 36.2; H, 4.5; N, 35.2%; M, 199. 
After 3h the ethanol filtrate was filtered to yield the 
known 4, 6_dihydrazino_2_methyl-5-.flitrOPyrimidine (395), 
(6%), m.p. 192-6 0 (lit., 
168 
 198° ). 	Work up of the ethanol 
filtrate yielded no further material. 
(iii) 2,6_bis(DimethylaminO)_4-hYdraZiflO5nitr0PYrimid11 
(388c) 
After 55 min warming up at room temperature the mixture, from 
the reaction of the 4-chloro-5-nitropyrimidifle (387c), 
(0.49 g, 0.002 mol) in ethanol (35.0 ml) with 100% hydrazine 
hydrate (0.20 ml) in ethanol (3.8 ml), was filtered to give 
a solid; which was combined with a second crop obtained 
from the ethanol filtrate after 2 h, and a third crop 
obtained on concentrating the ethanol filtrate to give 
the hydrazine (388c),(98%) which formed yellow needles, 
m.p. 124-5° (from ethyl acetate), Vmax 3230 and 3130 (NH), 
and 1560 and 1330 (NO 2 ) cm 1 ,ô (CDC1 3 ) 3.05 (6H, s, NMe 2 ), 
3.19 (6H, s, NMe 2 ), 4.10 (2H, br s, NH 2 ),and 9.50 (lH, br s, 
NH). 
Found: C, 39.5; 	H, 5.9; N, 40.6%; 
28!115E722 requires: C, 39.8; H, 6.2; N, 40.7%; 
2-Dimethylamino-4-hydraZinO -6 -methOXY- 5-nitrO-
pyrimidine (388d) 
After 55 min warming up at room temperature the mixture, 
from the reaction of the 4-chloro-5--nitropyrimidine (387d), 
(3.9 g, 0.017 rnol) in ethanol (298 ml) with 100% hydrazine 
hydrate (1.7 ml) in ethanol (32.5 ml), was filtered to give 
a solid, which was combined with a further crop obtained 
by concentrating the ethanol filtrate to yield the hydrazine 
(388d),,(99%) which formed yellow plates, m.p. 204-6 ° (from 
glacial acetic acid-ethanol), vmax 3320 and 3200 (NH), 
1579 and 1310 (NO 2 )cm 1 , ô[(CD3 ) 2
SO] 2.86 (6H, s, NMe 2 ), 
and 3.54 M. s, OMe). 
Found: C, 36.9; H, 5.3; N, 37.3%; M+,  228 
7l263_requires: C, 3 .6.8; H, 5.3; N, 36.8%; M, 228. 
6-Dimethylamino-4-hydrazino-5-nitropyrirnidine (408b) 
After 15 min warming up at room temperature the mixture, from 
the reaction of the 4-chloro-5-nitropyrimidine (407b), (0.91 g, 
0.0045 mol) in ethanol (30.0 ml) with 100% hydrazine hydrate 
(0.45 ml) in ethanol (8.6 ml) was filtered to give a solid. 
This was combined with a second crop obtained from the ethanol 
filtrate after 1 h, to afford the hydrazine (408b),(96%) which 
formed yellow needles, m.p. 125-7 ° (from ethanol), Vmax 3300, 
3253 and 3140 (NH), and 1504 and 1350 (NO 2 ) cm
-1 
, 
6[(CD 3 ) 2SO] 3.00 (6H, S, NMe 2 ), 3.10-4.00 (3H, br s, NH), 
and 8.00 (1H, s, CH). 
Found: 	C, 36.0; 	H, 5.0; N, 41.7%; .M+  198.It 
c6lo622_requires: C, 36.4; H, 5.0; N, 42.4%; M, . 198. 
Found: M, 198.086108 (error <3 p.p.m.) 
61O622_requires: M , 198.086518. 
The ethanol filtrate was evaporated to give a gummy 
MM 
solid (0.07 g) which was shown by t.l.c. in ethyl acetate 
over silica to be an unresolvable three component mixture. 
(vi) 4-Hydrazino-6-methoxy-5 -nitrOPYrimidifle (408a) 
was prepared (99o) by the method of Bif fin, Brown and Lee 
and had m.p. l52-6° (decomp.) [lit., 168 154-5 ° (decomp)]. 
The Reaction of 6-Methoxy--2-methyl-5-nitropyrimidifl - 4 -
-ylhydrazine (388b) with Benzaldehyde 
A solution of the hydrazine (388b),(0.40 g, 0.002 mol) in 
methanol (50.0 ml) was treated with concentrated sulphuric 
acid (1.0 ml), water (2.5 ml) and a solution of freshly 
distilled benzaldehyde (0.21 g, 0.002 mol) in methanol 
(5.0 ml) and the mixture was left stoppered at room 
temperature for 17 h. 	Filtration gave a solid, which 
was combined with a second crop obtained from the methanol 
filtrate after 1 h and a third crop obtained by evaporating 
the methanol, filtrate and treating the residue with water 
(10.0 ml), to afford 6-benzvlidinehydrazino--2--methyl-5-
nitropyrimidin-4(3H)-one (404) 1 (0.46 g, 84%) which formed 
orange plates, m.p. 293-6 ° (decomp.) (from dimethylforrnamide-
water), Vmax 3280 (NH), 1680 (CO), and 1610 (C=N) cm- 1 
Found: C, 53.2; H, 4.1; N, 25.7%; M, 273. 
cl21l523_requires: C, 52.8; H, 4.0 	N, 25.6%; N , 273. 
The aqueous mother liquor was extracted with methylene 
chloride to give a negligible amount of yellow gum. 
IRVE 
The Reactions of 5-Nitropyrimid-4- ylhydrazines with Nitrous 
Acid 
Stirred suspensions of the 5-nitropyrimid-4-ylhydrazines 
(388a-d) and (408a and b) in a concentrated hydrochloric 
acid-water mixture were cooled to 00 (ice-salt bath) and 
treated dropwise with a solution of sodium nitrite in water 
at such a rate that the temperature remained between 0-5. 
The mixtures were then stirred at 00  for 30 min prior to 
isolation of the products by filtration. 
(i) 6-Dimethylamino--2-methyl--5--nitropyrimid-4- ylhydrazine 
(388a),(1.5 g, 0.007 rnol) in concentrated hydrochloric acid 
(1.4 ml) and water (7.0 ml) reacted with a solution of 
sodium nitrite (1.1 g) in water (3.5 ml) to give 5-dimethyl-
amino-7-methyl-4-nitro-1, 2, 3, 4-tetrazolo [1, 5-a] pyrirnidine 
(399) ,(59%) which formed yellow plates, m.p. 124-6 ° (from 
ethyl acetate), "max164° (C=N), and 1520 and 1340 (NO 2 ) 
cmL, 6[(CD 3 ) 2SO) 2.95 OH, 	Me), and 3.30 (6H, s, NMe 2 ). 
Found: C, 37.7; H, 4.3; N, 43.8%; M, 223. 
c7972_ requires: C, 37.7; H, 4.0; N, 44.0%; M , 223. 
The aqueous filtrate was extracted with methylene 
chloride to give a negligible amount of yellow gum. 	The 
acidic aqueous filtrate was neutralised with aqueous dilute 
sodium hydroxide and filtered to yield 4-amino-6-dimethyl-
arnino-2-methyl-5-nitropyrimidine (400),(7%) which formed 
colourless needles, m.p. l92_30  (from ethanol-water) , v max 
3420 and 3260 (NH) , 1647 (C=N) , and 1531 and 1350 (NO 2 ) cm 1 , 
ó[(CD 3 ) 2SO] 2.95 (3H, s, I'1e), 3.34 (6H, s, NMe 2 ), and 7.80 
(2H, br s, NH2) 
IBM 
Found: C, 42.9; H, 5.6; N, 35.4%; M, 197. 
requires: C, 42.6; H, 5.6; N, 35.5%; M , 197. 
The neutral aqueous filtrate was extracted with methylene 
chloride to give a negligible amount of yellow solid. 
(ii) The reaction of 6_methoxy_2_methYl_5nitroPYm] 
4-ylhydraZine (388b), (4.2 g, 0.0211r01) in concentrated hydrochloric 
acid (5.6 ml) and water (42.0 ml) with a solution of sodium 
nitrite (1.7 g) in water (10.5 ml) gave a solid, which was 
combined with a second crop obtained from the filtrate after 
17 h (total 3.2 g) and chromatograPhed over silica. 	Elution 
with 75% v/v methylene chloride-toluene gave a yellow solid 
(0.03 g), m.p. 235-240° (decomp.), VmaX 1567 (CN) cm 1 , which 
could not be purified. 	Further elution with 5% v/v ethyl 
acetate-methylene chloride gave an orange solid (0.08 g), 
m.p. 185-190° (decomp.), Vmax 3280 (NH) cm 1 , which could 
not be crystallised. 	Subsequent elution with 20% v/v 
ethyl acetate-methylene chloride afforded an orange solid 
(0.38 g), m.p. 105-110, V 	 3260 br, 3170 br and 3105 brMax 
(NH) , and 1768 (CO) cm, which also could not be crystallised. 
Subsequent elution with 50% v/V ethyl acetate-methylene 
chloride gave the solid (0.76 g) which formed pale pink 
needles, m.p. 178-180° (decomp.) (from glacial acetic 
acid-water), max 3430 and 3140 br (NH), and 1710 (CO) cm
-1 
. 
Found: 	C,.21.1; 	H, 2.4; 	N, 47.5%; 	M, 172. 
3463_requires: C, 20.9; H, 2.3; N, 48.8%; N, 172. 
MEM 
Subsequent elution with 80% v/v ethyl acetate-methylene 
chloride gave a yellow solid (1.5 g), m.p. 130 ° (explodes), 
max 3450 br and 3140 br (NH), and 1710 br (CO) cm 1 , which 
could not be crystallised. 	Final elution with 30% v/v 
ethanol-ethyl acetate gave a brown gum (0.24 g) which was 
shown by t.l.c. in ethyl acetate over silica to be an unresol- 
vable three component mixture. 	On standing for a further 
24 h the aqueous mother liquor afforded a solid (0.04 g), 
m.p. 225-255° (decomp.), Vmax 3560 br, 3410 br, 3200 br and 
3100 br (NH),and 1790 br (CO) cm 1 , which again could not be 
crystallised. 
2,6-bis(Diniethylamino) pyrimid-4-ylhydrazine 
(388c),(0.48 g, 0.002 mol) in concentrated hydrochloric acid 
(0.4 ml) and water (4.0 ml) reacted with a solution of sodium 
nitrite (0.16 g) in water (1.0 ml) to give a solid, which was 
combined with a second crop obtained from the filtrate after 
17 h, to give 4_azido 72,6bis(dimethy1amiflo)5flitrOPYrimid1fle 
(389c) ,(34%), m.p. 82-7°, max 2140 (NN) , and 1580 and 
1335 (NO2 ) cm 1 . 
The aqueous filtrate was extracted with chloroform to 
give an orange gum (0.14 g) which decomposed on standing. 
The reaction of 2-dimethylamino--6-rnethoxy--5-nitro--
pyrimid-4-ylhydrazine (388d),(0.91 g, 0.004 mol) in concen-
trated hydrochloric acid (0.8 ml), water (4.0 ml) and 
glacial acetic acid (30.0 ml) with a solution of sodium 
nitrite (0.32 g) in water (2.0 ml) gave a solid, which was 
dissolved in water (12.0 ml) and neutralised with solid 
sodium acetate to afford unchanged starting material (388d), 
more of which was obtained by treating the aqueous filtrate, 
with ether, dissolving the solid so obtained in water (3.5 ml) 
neutralising with solid sodium acetate, and extracting with 
methylene chloride (total 26%), m.p. 199-203 ° , identical 
(m.p. and i.r. spectrum) with an authentic sample. 	The ether 
filtrate was evaporated and the residue treated with water 
(30.0 ml) to give 4-azido-2-dirnethylamino-6-methoxy-5-flitrO -
pyrimidine (389d),(21%), m.p. 75-80°, Vmax  2156 (NEN), and 
1540 and 1330 (NO 2 )cm 1 . 
The aqueous filtrate from the isolation of the azide 
(389d) was extracted with methylene chloride, to yield a 
solid (0.16 g) which formed yellow needles, m.p. 157-160
0 
 
(from light petroleum), umax  3480 and 3360 (NH), and 1530 
and 1350 (NO2 ) cm 1 . 
Found: C, 38.8; H, 5.2; N, 32.4%; M+,  213 
7ll53_requires: C, 39.4; H, 5.2; N, 32.9%; N, 213. 
The known 172 4-amino-2-dimethylamino-6-methoxy-5-nitro-
pyrimidine (403) has m.p. 187-8
0 
. 
(v) 6-methoxy-5-nitropyrimid-4-ylhydrazine (408a), 
(2.2 g, 0.012 mol) in concentrated hydrochloric acid 
(2.4 ml) and water (12.0 ml) reacted with a solution of 
sodium nitrite (0.96 g) in water (6.0 ml) to give 4-azido-6-
rnethoxy-5-nitropyrimidine (409a),(80%), m. p. 
2160 (N=N), and 1580 and 1325 (NO 2 ) cm. 
Nothing further was isolated on direct extraction or 
neutralisation and extraction of the aqueous mother liquor. 
(vi) (a) The reaction of 6-dimethylamino-5-flitrOPyrimid -
4-ylhydrazine (408b),(2.0 g, 0.01 mol) in concentrated 
hydrochloric acid (2.0 ml) and water (5.0 ml) with a solution 
of sodium nitrite (0.80 g) in water (5.0 ml) gave 4-azido-6-
dimethylamino-5-flitrpPYrimidine. (409b) ,(37%), m.p. 100-5 ° , 
v  max 2130 (N -::: N) 	and 1585 and 1340 (NO 2 ) cm- 1 
The aqueous filtrate was extracted with methylene chloride 
to give a negligible amount of a yellow solid. 
I The acidic 
aqueous layer was neutralised with aqueous dilute sodium 
hydroxide and extracted with methylene chloride to give an 
orange gum (0.08 g) which was shown by t.1.c. in ethyl 
acetate over silica to be a multicomponent mixture. 
(b) 6_dimethy lamino_5_flitrOpyrimid_4ylhydrazifle (408b), 
(3.0 g, 0.015 mol) in concentrated hydrochloric acid (3.0 ml) 
and water (15.0 ml) reacted with a solution of sodium 
nitrite (1.2 g) in water (7.5 ml) to give a solid A (1.1 g), 
M.P. 175-1800, Vmax 1740 (CO) cm, which was dissolved in 
water, neutralised with solid sodium acetate and subjected 
to constant methylene chloride extraction for 24 h to give 
a negligible amount of orange gum. 	The aqueous mother 
liquor from the reaction was extracted with methylene 
chloride to give a negligible amount of yellow gum. 	The 
acidic aqueous mother liquor was neutralised with aqueous 
dilute sodium hydroxide and acetic acid and extracted with 
methylene chloride to give a yellow gum. 	Trituration of 
the latter with toluene gave 4-arnino-6-dimethylamino-5-nitro-
pyrimidine (411) ,(2%) which formed pale orange needles, 
M.P. 157-160° (from ethanol) (lit., 
176 
 159-161°), Vmax343° and 
3260 (NH) , 1638 (CN) , and 1580 and 1335 (NO 2 ) cm- 1. 
-91- 
Found: C, 39.1; • H, 5.0; N, 38.0%; M, 183. 
Caic., for C 6H9N502 : C, 39.3; H, 4.9; N, 38.2%; M, 183. 
The Preparation of 5,7-Disubstituted Oxadiazo1oE3,4-] 
pyrimidineDI-Oxides (390 a,c, and d) 
7-Dirnethylamino-5-rnethyl-1,2,5-oxadiazolo[3,4] 
pyrimidine 1-Oxide (390a) 
A solution of the tetrazole (399), (1.2 g, 0.005 mol) in 
-toluene (1200 ml) was heated under ref lux for 40 mm. 	The 
mixture was filtered to remove a negligible amount of 
insoluble material and evaporated to yield the N-oxide 
(390a),(99%) which formed yellow needles, m.p. 127-9 ° 
(front to1uene-light petroleum), VmaX 1619 (C=N) cm 1 , 
6[(CD 3 ) 2 SO] 2.40 (3H, s, Me), 3.37 (3H, s, NMe), and 
3.70 (3H, s, NMe). 
Found: C, 43.3; H, 4.6; N, 35.8%; M, 195. 
c79522_requires: C, .43.1; •H, 4.6; N, 35.9%; M, 195. 
5,7_bis_(Dimethy1amiflo)-1,2,5OXadiaZOl9[3,4 . 
pyrimidine 1-Oxide (390c) 
A solution of the azide (389c) , (0.76 g, 0.003 mol) in ethyl. 
acetate (330 ml) was heated under ref lux for 25 mm. 	The 
mixture was filtered to remove a negligible amount of 
insoluble material and evaporated to yield the N-oxide 
(390c),(94%) which formed orange needles, m.p. 167-9° 
[from toluene-light petroleum (b.p. 80_10
0
)] v 	1640 
(C=N) cm 1 , ó[(CD 3 ) 2 SO] 3.70 (6H, s, NMe 2 ), and 3.75 
(6H, s, NMe2). 
-92- 
Found: C, 43.2; H, 5.4; N, 37.3%; M, 224. 
812!62- requires: C, 42.9; H, 5.4; N, 37.5%; M, 224.. 
(iii) 5_Dimethy1aminQ-7-methOXy-.1,2,5-OXadiazOlo[ 3 , 4 ] 
pyrimidine 170xide (390d) 
A solution of the azide (389d),(0.09 g, 0.0004 mol) in 
ethyl acetate (6.0 ml) was heated under reflux for 5 mm. 
The solution was evaporated to give the N-oxide (390d), 
(90%) as yellow plates, m.p. 130-3° [from light petroleum 
(b.p. 80-100° )], Umax 1630 (C=N) cm 1 , 6[(CD 3 ) 2SO] 3.13 
(2H, s) , 	3.16 (6H, s, NMe 2 ), 3.26 (3H, s, ONe), 3.88- 
4.01 (2H, in) , and 4.09 (2H,$). 
Found: C, 40.3; H, 4.4; N, 32.8%; M, 213,211. 
27H9N50 3 requires: C, 39.8; H, 4.3; N, 33.2%; N, 211. 
Found: M, 211.069524 (error < 5 p.p.m). 
C 7H 9N5 0 3 requires: M, 211.070533. 
The Preparation of .7-Substituted Oxadi.azo 1o[ 3 , 4-.1pyrimidIne 
ii-Oxides (410 a and b). 
(i) 7-Methoxy-1,2,5 -oxadiazo1o[3,4 - ]pyri1Uidine 1-oxide 
(410a) 	 . 
A solution of the azide (409a),(1.9 g, 0.011 rnol) in toluene 
(390 ml) was heated under reflux for 20 mm. 	The mixture was 
filtered to afford 6-methoxy-5-nitropyrimid-4-ylhydrazine 
(408a),(0.57 g, 26%), m.p. 120-5 ° , identical (m.p. and i.r. 
spectrum) with an authentic sample. 	The filtrate was 
-93- 
evaporated and the residue was triturated with toluene-light 
petroleum (b.p. 80-100° ) to give an unidentified orange solid 
(0.62 g) which formed orange plates, M.P. 145-150 ° (from 
ethanol-water), Vmax 1640 (C=N) cm 1 , S[(CD 3 ) 2SO] 3.74-4.09 
(BH, in), 4.16 (2H, s)., 7.16 (1H, s) and 8.00-8.80 (4H, m). 
Found: .C, 32.8;. H, 2.5; N, 36.2%; 	M, 338. 
c98926_requires: C, 32.0; H, 2.4; N, 37.3%; M, 338. 
The toluene-light petroleum mother liquor .was evaporated 
to afford the N-oxide (410 a),(0.60 g, 32%) as yellow needles, 
M.P. 120-2 [from toluene-light petroleum (b.p. 80-100 ° )] 
V 	1640 (C=N) cm- 1. max 
Found: C, 35.9; H, 2.4; N, 33.6%; M, 168. 
NOrequires: C, 35.7; H, 2.4; N, 33.3%; M, 168. C 51!4-4-3—  
(ii) 7Dimeth>'lamino_1,2,5 -oxadiazolo[3,4 - ]pyrimidine 
1-Oxide (410b) 
A solution of the azide (409b),(0.42 g, 0.002 mol) in toluene 
(70..0 ml) was heated under reflux for 5 mm. 	The mixture was 
filtered to give, the unidentified product A (0.21 g), m.p. 
164-9° , identical (M.P. and i.r. spectrum) with an authentic 
sample. 	This was dissolved in water, and the solution 
neutralised with solid sodium acetate, evaporated and the 
residue leached with ethyl acetate to give no material. 
The toluene filtrate was evaporated to afford the N-oxide 
(410b),(0.21 g, 58%) which formed yellow needles, M.P. 
138-140° [from toluene-light petroleum (b.p. 80-100°)]. 
-94- 
Found: C, 39.7; H, 3.9; N, 39.1%; M, 181. 
67!5Q2_requires: C, 39.8; H, 3.9; N, 38.7%; M, 181. 
The AtteMptedThermOlYsiS of Solid .. 
Solid A (0.21 g) was heated under reflux in toluene (35.0 ml) 
for 30 mm. 	The mixture was filtered to give unchanged 
0 	 0 starting material (0.20 g, 95-s), m.p. 165-170 , identical 
(m.p. and i.r. spectrum) with an authentic sample. 	Evapora- 
tion of the toluene filtrate gave only a negligible amount 
of solid. 
1,2,5-0xadiazolo[3,47]pyrimidin-7(6H)--one 1-Oxide (414) 
was prepared (73%) by the method of Temple, Kussner and 
Montgomery and had imp. 197-200 
o  (decornp.) [lit., 161 
206 0 (decomp.)]. 
The Preparation of 6-Chloro-27methyl-5-nitropyrimidin-4 (3H)-
one (412b) 
A suspension of 4, 6-dichloro-2-methyl-5-nitropyrimidine 
(386a), (5.0 g) in 98-100% formic acid (25.0 ml) was 
heated to reflux, with stirring, over a 10 min period. 
The resulting solution was then heated under reflux until 
solid just started to precipitate (55 mm). 	The mixture 
was evaporated and the residue was treated with methanol 
(75.0 ml) to yield 4,6-dihydroxy-2-methyl-5-nitropyrimidine 
(417),(2.4 g, 59%), m.p. 267-280
0  (decomp.) [lit., 166 270-
280° (decomp.)], identical (m.p. and i.r. spectrum) with an 
authentic sample. 	The methanol filtrate was evaporated to 
-95- 
yield the chloropyrirnidinone (412b) 1 (1.3 g, 28%) which formed 
straw coloured needles, m.p. 194-7 
0
(from water), 'max 1690 
(CO) cm -1 
Found: C, 31.8; H, 2.1; N, 21.8%; M  
C5H 4N303C1 requires: C, 31.7; H, 2.1; N, 22.2%; M, 191,189. 
The Atternted Reaction of 6-Chloro-2-methyl-5-nitropyrimidin-
4(3H)-one (412b) with Sodium Azide. 
A solution of the chioropyrimidinone (412b),(1.0 g) in 
tetrahydrofuran (60.0 ml) was treated with sodium az:ide 
(0.50 g) and the mixture was heated under reflux for 8 h. 
Hot-filtration of the mixture to remove insoluble inorganic 
material (0.50 g) and evaporation of the tetrahydrofuran 
filtrate gave unchanged starting material (87%), m.p. 190-5 ° , 
identical (m.p. and i.r. spectrum) with an authentic sample. 
The Reaction of 6-Chloro-2-methyl-5--nitropyrimidin-4(3H)-
one (412b) with Hydrazine 
A solution of 100% hydrazine hydrate (0.47 ml) in ethanol 
(8.8 ml) was added dropwise to a stirred solution of the 
chioropyrimidinone (412b),(0.88g , 0.0046 mol) in ethanol 
(50.0 ml) maintained at -8 ° (ice-acetone bath). 	After 
10 min warming up at room temperature the mixture was 
filtered to give a solid (0.70 g) which formed orange plates, 
m.p.. 300-3° (chars with initial darkening of the solid at 
270° ) (from dimethylformamide), Vmax 1680 (CO), and 1570 
and 1310 (NO 2 ) cm- 
Found: C, 35.6; H, 3.1; N, 32.6%; M, 170. 
56423_requires: C, 35.3; H, 3.5; N, 32.9%; N, 170. 
C 5 H 6 N 4 0 3 
 is the formula of 6-amino-2-methyl--5-nitropyrimidin-
4(3H)-one (425). 
On leaving the filtrate at room temperature for 1 h a 
solid precipitated, which was combined with a second crop 
obtained by concentrating the ethanol filtrate down to about 
5 ml, to give an unidentified orange solid (0.19 g), m.p. 
110-5°, ''max 
 3320 and 3140 (NH), and 1560 and 1320 (NO 2 ) cm -1 
which could not be crystallised. 	Evaporation of the ethanol 
mother liquor gave a negligible amount of an orange gum. 
The Attempted Reaction of S-Methyli sothiouronium Sulphate 
(419) with Diethylamine 
A stirred suspension of the commercially available S-methyl-
isothiouronium sulphate (419),(5.6 g, 0.02 mol) in ethanol 
(100 rt-Ll) was heated under reflux with diethylamine (8.4 ml, 
0.08 mol) (added in two portions the second after 3 h) for 
6 h. 	The mixture was hot-filtered to give a solid, which 
was combined with a second crop obtained by evaporating the 
ethanol filtrate and triturating the residue with ethyl 
acetate-ethanol, to give unchanged starting material (38%), 
m.p. 235-240° (decomp.), identical (m.p. and i.r. spectrum) 
with an authentic sample. 	Evaporation of the ethyl acetate- 
ethanol mother liquor, treatment with water and acidification 
with concentrated sulphuric acid, followed by dilution with 
ethanol, gave no further material. 
-97- 
The Preparation of 2-(Pyrrolidin-1-yl)formamidifliUm Sulphate 
(420c) 
A stirred suspension of S-methylisothiouronium sulphate 
(419),(11l.2 g, 0.4 mol) in ref luxing ethanol (1000 ml) 
was treated with pyrrolidine (70.0 ml) and the mixture 
was stirred and heated under reflux for 6 h. 	Hot-filtration 
of the mixture gave the formamidinium sulphate (420c), 
(116.5 g, 90%) as colourless plates, m.p. 313 ° (decomp.) 
(from ethanol-water), Vmax 3260 and 3070 (NH), and 1660 
and 1625 (c=N) cm- 1. 
Found: C, 36.7; H, 7.3; N, 25.7%; 
C1QH 24604S requires: C, 37.0; H, 7.4; N, 25.9%; 
The Attempted Reaction of 2- .(Pyrrolidin-17yl) forrnamidinium 
Sulphate (420c) with Malic Acid 
Malic acid (10.7 g, 0.08 mol) was added in portions, with 
mechanical stirring,over 35 min to fuming sulphuric acid 
(20% SO 3 ) (50.0 ml) while cooling at 0 (ice-salt bath). 
Stirring was continued for 20 min at 00  before the salt 
(420c),(13..0 g, 0.04 mol) was added in portions with 
mechanical stirring over 15 mm, at 00. 	The resulting 
mixture was stirred for 3 h in the melting ice-bath and was 
then heated at 1000  for 4 h, during which time all of the 
suspended solid dissolved. 	The solution was cooled to room 
temperature, some ice was added and while stirring and cooling 
in an ice-water slurry, was neutralised by the dropwise 
addition of concentrated ammonia solution (0.88 S.G.). 
The cake was slurried with water to remove any ammonium 
sulphate, and the residual product B (9.2 g) was collected 
and crystallised to afford colourless plates, m.p. > 320 
(decomp.) (from ethanol-water), VmaX 3200 br, 3115 br and 
3050 hr (NH), and 1705 and 1690 (CO) cm 1 , 6(CF3CO2H) 
2.28 (4H, br s), 3.76 (4H, hr s) and 8.64 (1H, s). 
Found: C, 39.1; H, 4.5; N, 30.8%; M, 165. 
6!18E403 requires: C, 39.1; H, 4.4; N, 30.4%; M, 184. 
In order to determine if product B was an acid salt, a sample 
was taken, dissolved in saturated aqueous sodium hydrogen 
carbonate solution and reacidified with 2M aqueous hydro-
chloric acid to give unchanged product B, m.p. > 300° , 
identical (m.p. and i.r. spectrum) with an authentic sample. 
Sodium Ethyl Formylacetate (427) was prepared (22%) by the 
method of Gabriel. 178 
The Reaction of 2-(Pyrrolidin-1-yl)formamidinium Sulphate 
(420c) with Sodium Ethyl Formylacetate (427) 
A solution of the salt (420c),(8.1 g, 0.025 mol) in water 
(25.0 ml) was treated with a solution of sodium ethyl 
formylacetate (427) (10.0 g) in water (55.0 ml) and the 
resulting mixture was left at room temperature for 46 h. 
The solution was neutralised with acetic acid, filtered to 
remove some solid, and extracted with methylene chloride 
to give a gummy solid, which was triturated with ethyl 
acetate to afford 2-(pyrrolidirl-1--yl)pyrimidin-4(3H)-one 
(421c) 1 (0.67 g, 8%) as colOurless needles, m.p. 235 ° (from 
ethanol), Vmax  3090 (NH), and 1654 (CO) cm- 
1,  6(CF3CQ2FI) 
2.26 (4H, s, CH 2 ), 3.78 (4H, s, CH 2 ), 6.18 (lH, d, CH), 
and 7.68 (1H,. d, CH). 
Found: C, 58.1; H, 6.6; N, 25.1%; M, 165. 
c811!39 requires: C,.58.2; H,.6.7; N, 25.4%; M, 165. 
Evaporation of the ethyl acetate mother liquor gave a 
negligible quantity of an orange gum. 
The neutral aqueous mother liquor was evaporated and the 
residue was extracted with boiling ethanol to give 2-(pyrrol-
idin-1-yl) formarnidinium acetate • (429) ,(8.3 g, 94%) which 
formed colourless plates, in.p. 2720  (from ethanol), V max 
1673 (CO) cm 1 , 5(D20) 2.34 (3H, s, Me), 2.44 (4H, t, CH 2 ), 
and 3.80 (4H, t, CH 2 ). 
Found: C, 48.6; H, 8.6; N, 23.9%; M, 175. 
17.15322_requires: C, 48.6; H, 8.7; N, 24.3%; M, 173. 
The Preparation of 2- (Piperidin-l-yl) formamidinium Sulphate 
(420d) 
A stirred suspension of S-methyl-isothiouronium sulphate 
(419),(55.6 1 g., 0.2 mol) inrefluxing ethanol (500 ml) was 
treated with piperidine (34.0 ml, 0.4 mol) and the mixture 
was stirred and heated under reflux for 6 h. 	Filtration 
gave a solid (35.5 g) which was extracted with hot ethanol-
water leaving the starting material (419),(20%), m.p. 235-
240° (decomp.), identical (m.p. and i.r. spectrum) with an 
authentic sample. 	On cooling to 40° the filtrate deposited 
2-(piperidin--1-yl)formamidiflium sulphate (420d).,(3.0 g, 4%) 
which formed colourless plates, m.p. 294-6 (decomp..) 
(from ethanol-water), Vmax 3250 and 3080 (NH), and 1665 
(C=N) cm* 
(SIS 
Found: C, 41.1; H, 7.7; N, 24.1%; 
_______requires: C, 40.9; H, 8.0; N, 23.9%; 
On further cooling the aqueous ethanolic mother liquor 
afforded a solid, which was combined with a second crop 
obtained by evaporating the filtrate (total 17.8 g), m.p. 
237_2400 (decornp.). 	The i.r. spectrum of the solid, v max 
3250 and 3080 (NH), and 1665 (C=N) cm 1 , indicated that it 
contained further product (420d) plus a second component. 
However all attempts to separate this material into its 
components were unsuccessful. 
The Attempted Reaction of 2-(Piperidin-1-yl)formamidinium 
Sulphate (420d) with Malic Acid 
Malic acid (10.7 g, 0.08 mol) was added in portions, with 
mechanical stirring, over 35 minat 00 (ice-salt bath) 
to fuming sulphuric acid (20% S0, 50.0 ml). 	Stirring 
was continued for 20 min at 00  before the salt (420d), 
(14.1 g, 0.04 mol) was added in portions with stirring 
over 15 mm, at 00. 	The mixture was stirred in the melting 
ice-bath for 3 h and was then heated at 100 
0 for 4 h. 	The 
mixture was cooled to room temperature, some ice was added 
and while stirring and cooling in an ice-water slurry was 
neutralised by the dropwise addition of concentrated ammonia 
solution (S.G. 0.88). 	The dark oil which separated was 
extracted with methylene chloride to give an intractible red 
gum (5.1 g) which was shown by t.1 c. in methylene chloride 
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over silica to be an unresolvable multicomponent mixture. 
The Attempted Base-catalysed Reaction of 7-Dimethylamino-
5-methyl-1,2,5-oxadiazolo[3,4- ]Pyrimidifl.e 1-Oxide (390a) 
with Acetylacetone 
A solution of the N-oxide (390a),(0.39 g, 0.002 
mol) in ethanol (55.0 ml) was treated with acetylacetone 
(0.22 g, 0.002 mol), then triethylamine (1.0 ml), and the 
resulting solution was stirred at room temperature for 24 h. 
The mixture was evaporated and the residue was triturated 
with toluene to give a solid, which was combined with a 
second crop obtained by evaporating the toluene mother 
liquor, to give unchanged N-oxide (390a),(97%), m.p. 120-3 ° , 
identical (m.p. and i.r. spectrum) with an authentic sample. 
A solution of the N-oxide (390a), (0.39 g, 0.002 mol) 
in ethanol (80.0 ml) was treated with acetylacetone .(0.22g, 
0.002 mol), then piperidine (1.0 ml), and the resulting 
mixture was stirred at room temperature for 17 h. The 
solution was evaporated to give a gum (0.75 g) which was 
chromatographed over silica. 	Elution with 5% v/v ethyl 
acetate-rnethylene chloride afforded unchanged N-oxide 
(390a),(44%), m.p. 122-5 ° , identical (m.p. and i.r. spectrum) 
with an authentic sample. 	Further elution with ethyl 
acetate gave 6-dimethylamino-2-methyl--5-nitroso-4- (piperidin-
1-yl)pyrimidine (436),(0.24 g, 50%) which formed aquamarine 
needles, m.p. 98-100° (from light petroleum), 5(CDC1 3 ) 1.74 
(6F1, s, NMe 2 ), 2.28 (3H, s, Me), 3.15-3.50 (4H, m, ring CH 2 ), 
and 3.80-4.20 (4H, m, ring CH 2). 
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Found: C, 58.0; H, 7.8; N, 28.0%; M+, 249. 
12.1950 requires: C, 57.8; H, 7.6; N, 28.1%; M, 249. 
Final elution with ethanol gave a brown gum (0.07 g) which 
was shown by t.l.c. in ethyl acetate over silica to be an 
unresolvable three component mixture. 
-Cyanobenzylamine (474c) 
-Cyanobenzy1amine (474c) was prepared (88%) by the method of 
Zelinsky and Stadnikoff. 181 
The Reactions of the Oxadiazolopyrimidine 1-Oxide (390a) 
with Amines 	 - 
An ethanolic solution of the N-oxide (390a) was treated with 
the amine, and the resulting solution was stirred at room 
temperature for 24 h. 
(1) With piperidine. 	The reaction mixture from the 
reaction of the N-Oxide (390a),(0.21 g, 0.0011 mol) with 
piperidine (0.60 ml) in ethanol (50.0 ml), was evaporated 
and the residue (0.32 g) was subjected to dry column 
chromatography in ethyl acetate over silica. 	The front 
running band gave unchanged starting material (390a),(24%), 
m.p. 122-7 ° , identical (m.p. and i.r. spectrum) with an 
authentic sample. 	The other band afforded 6-dimethylanüno- 
2-methyl-5-nitroso-4-(piperidin-1-yl)pyrimidine (436) , (0.13 g, 
50%), mp. 95-9* 1 identical (m.p. and i.r. spectrum) with an 
authentic sample. 
(ii) With pyrroUdine. 	The reaction mixture from the 
reaction of the N-oxide (390a),(1.2 g, 0.006 rnol) with 
pyrrolidine (3.0 ml) in ethanol (165 ml), was evaporated. 
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The residue was treated with toluene to give an insoluble 
red gum (0.40 g), which was shown by t. l.c. in methanol 
over silica to be a multicomponent mixture. The toluene 
mother liquor was decanted and evaporated to yield 4,6-bis 
. (pyrrolidin_1_yl)_2_me'thY15-flitroSO2yrimidine (440) 1 ( 1 . 2 g, 
76%) which formed blue plates, m.p. 140-3
0  (decomp.) [from 
light petroleum (b.p. 80-100 ° )] 6(CDC1 3 ) 1.76-2.12 (9H, in, 
ring CH2 ), 2.30 (3H, s, Me) , and 3.68-3.96 (7H, in, ring-CH 2 ) 
Found: C, 59.8; H, 7.3; N, 26.7%; M, 261. 
131950 requires: C, 59.8; H, 7.3; N, 26.8%; M, 261. 
(iii) With morpholine. 	Evaporation of the reaction 
mixture from the reaction of morpholine (1.0 ml) with the 
N-oxide (390a),(0.39 g, 0.002 mol), in ethanol (55.0 ml), 
gave a gum (0.50 g) which was subjected to chromatography 
over silica. 	Elution with methylene chloride, gave unchanged 
N-oxide (390a),,(10%.),
0, m.p. 124-6 , identical (m.p. and i.r. 
spectrum) with an authentic sample. 	Further elution with 
10% v/v ethyl acetate-methylene chloride gave a negligible 
amount of yellow gum. 	Subsequent elution with ethyl 
acetate afforded 6-dimethylamino-2-methyl-4- (rnorpholin-1-yl)- 
5-nitrosopyrimidifle (443) 1 (0.33 g, 66%) as a blue gum which 
was soluble in light petroleum and could not be crystallised, 
6(CDC1 3 ) 2.27 (3H, s, Me), 3.34 (611, s, NMe 2 ), and 3.81 
(12H, s, ring CH 2). 	 , 
Found: M, 251.137545 (error < 3 p.p.rn.) 
1117522 _requires: M, 251.138216. 
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Final elution with ethanol gave a brown gum (0.06 g) which 
was shown by t.1.c. in methanol over silica to be a three 
component mixture. 
With dirnethylamine. 	The gum (0.44 g) obtained by 
evaporating the mixture from the reaction of the N-oxide 
(390a), (0.39 .g, 0.002 mol) with a 33% w/w ethanolic solution 
of dimethylamine (1.8 ml, 0.01 rnol) in ethanol (55.0 ml), 
was subjected to dry column chromatography in ethyl acetate 
over silica. 	The front running band gave unchanged starting 
material (390a),(10%), M.P. 122-7 ° , identical (M.P. and i.r. 
spectrum) with an authentic sample. 	The other band gave 
4,6-bis(dimethylamino)-2-methyl-5-njtrosopyrjmjdjne (444a) 
,(0.38 g, 90%) as blue needles, M.P. 123-5° [from light 
petroleum (b.p. 80-10o')) 6(CDC1 3 ) 2.29 (3H, s, Me), and -
2.40-3.66 (12H, br s, 2NMe 2 ). 
Found: C, 52.0; H, 7.2; N, 33.5%; M, 209. 
9155° requires: C, 	51.7; H, 7.2; 	N, 33.5%; M, 	209. 
With diethylamine. The reaction mixture from the 
reaction of the N-oxide (390a),(0.39 g, 0.002 mol) with 
diethylamine (1.0 ml) in ethanol (55.0 ml), was evaporated, 
and the residue was triturated with light petroleum to 
afford unchanged N-oxide (390a),(87%), M.P. 123-7 ° , identical 
(M.P. and i.r. spectrum) with an authentic sample. 	The light 
petroleum mother liquor was evaporated to give a brown gum 
(0.03 g) which was shown by t.1.c. in methylene chloride 
over silica to be an unresolvable two component mixture. 
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With ethylamine. 	Evaporation of the mixture from 
the reaction of ethylamine (1.0 ml) with the N-oxide (390a), 
(0.39 g, 0.002 mol) in ethanol (55.0 ml), gave a dark gum 
(0.47g) which was chromatographed over silica. 	Elution 
with 10% v/v ethyl acetate-methylene chloride gave unchanged 
starting material (390a),(18%), m.p. 122-6 ° , identical 
(m.p. and i.r. spectrum) with an authentic sample. 	Further 
elution with 30% v/v ethyl acetate-methylene chloride 
afforded 6-dimethylamino-4-ethylamino-2--methyl-5-nitroso_ 
pyrimidine (444c),(0.19 g, 45%) which formed pale green 
needles, m.p. 65-8 ° (from light petroleum), Vmax 3340 (NH) 
cm 	1.4 (5H, t, Me and CH 2 ), 2.32 (3H, s, Me), 
and 3.50 (6H, s, NMe 2 ). 
Found: C, 51.8; H, 7.0; N, 33.9%; M, 209. 
915.50 requires: C, 51.7; H, 7.2; N, 33.5%; M, 209. 
Final elution with 50% v/v ethanol-ethyl acetate gave a 
brown gum (0.05 g) which was shown by t.l.c. in ethyl 
acetate over silica to be an unresolvable three component 
mixture. 
With methylamine. 	The gum (0.41 g) obtained on 
evaporating the mixture from the reaction of the N-oxide 
(390a),(0.39 g, 0.002 mol) with a 33% w/w ethanolic solution 
of methylamine 	 (2.2 ml, 0.008 mol) in ethanol 
(55.0 ml), was chromatographed over silica. 	Elution with 
5% v/v ethyl acetate-methylene chloride gave unchanged 
0 	 0 N-oxide (390a),(18-o), m.p. 122-7 , identical (m P. and i.r. 
spectrum) with an authentic sample. 	Further elution. with 
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30% v/v ethyl acetate-methylene chloride afforded 2-methyl-4, 
6-bis(inethylamino)-5-nitrosopyrirnidine (444b),(0.22 g, 61%) 
which formed blue plates, m.p. 201-40  [from light petroleum 
(b.p. 801000 )], V 	3345 (NH) cm, ó[(cD3)2Sol 2.28max 
(3H, s, Me), 2.96 (6H, dd, 2NMe) , 3.31 (2H, s) , and 
3.43 (2H, s). 
Found: C, 47.1; H, 6.0; N, 38.7%; M, 181. 
17!1050 requires: C, 46.4; H, 6.1; N, 38.7%; M, 181. 
Found: M, 181.095010 (error < 8 p.p.m.). 
c710.50 requires: M, 181.096354. 
Final elution with 50% v/v ethanol-ethyl acetate gave a 
negligible amount of brown gum. 
With hydrazine. 	Filtration of the'mixture from 
the reaction of the N-oxide (390a),(0.78 g, 0.004 mol) with 
100% hydrazine hydrate (1.0 ml) in ethanol (110 ml), gave 
an unidentified solid, which was combined with a second crop 
obtained by evaporating the filtrate and triturating the 
residual gum with ethanol, (total 0.56 g). 	The solid 
formed pale fawn plates, m.p. 215-8 ° (decomp.) (from 
ethanol-water), Vmax 3150 br (NH),and 1677 (CO) cm -1 
S[(CD3 ) 2 S0] 2.16 (6H, s, NMe 2 ) , and 2.29 (3H, s, Me) 
Found: C, 25.2; H, 4.9; N, 45.8%; M, 232. 
With phenyihydrazine. 	Evaporation of the mixture 
from the reaction of the N-oxide (390a) 1 (0.39 g, 0.002 mol) 
with phenylhydrazine (1.0 ml) in ethanol (55.0 ml) gave a 
gum (1.0 g) which was chrornatographed over alumina. 	Elution 
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with 40% v/v toluene-light petroleum gave negligible amounts 
of gums. 	Further elution with 70% v/v toluene-light 
petroleum gave unchanged starting material (390a),(21%), 
M.P. 122-6 ° , identical (M.P. and i.r. spectrum) with an 
authentic sample. 	Final elution with toluene followed by 
50% v/v toluene-methylene chloride and ethanol-ethyl acetate 
gave negligible amounts of red gums. 
(x) With benzylamine. 	The mixture from the reaction of 
the N-oxide (390a) / (0.39 g, 0.002 mol) with benzylamine (1.0 ml) 
in ethanol (55.0 ml), was evaporated to give a gum (1.49 g) 
which was chromatographed over silica. 	Elution with 10% 
v/v ethyl acetate-methylene chloride afforded 4,6-bis(benzyl-
amino)-2-methyl75--nitrosopyrimidine (453a) , (0.28 g, 42%) as 
pale blue needles, m.p. 121-3 ° [from light petroleum (b.p.. 80- 
o 	 -1 100 )], v max3335 (NH) cm 
	
Found: 	C, 68.4; H, 5.8; N, 21.2%; M,333. 
.1911950 requires: 	C, 68.5; H, 5.7; N, 21.0%; M, 333. 
Further elution with 30% v/v ethyl acetate-methylene 
chloride gave 'a green gum (0.05 g) which was shown by t.1.c. 
in ethyl 'acetate over silica to be an unresolvable two 
component mixture. 	Subsequent elution with 80% v/v ethyl 
acetate-methylene chloride and ethyl acetate gave negligible 
amounts of red gums. Final elution with 20% v/v ethanol-
ethyl acetate gave a red gum (0.22 g) which was shown by 
t.l.c. in methanol over silica to be an unresolvable four 
component mixture. 	 ' 
With ,-Methy1benzylamifle. 	The gum (3.2g) 
obtained by evaporating the mixture from the reaction of 
a-methylbenzylamine (5.0 ml) with the N-oxide (390a), 
(1.95 g, 0.01 mol) in ethanol (270 ml) was chromatographed 
over silica. 	Elution with 5% v/v ethyl acetate-methylene 
chloride afforded 6-dimethylamino-2-me yl-4- (-methylbenzyl-
amino)-5-nitrosopyrimidifle (453b),(22 g, 77%) which formed 
pale green plates, m.p. 91-3 
0 [from light petroleum (b.p. 
80_l000 )], ó[(CD 3 ) 2 Sol 1.50 (3H, q, Me), 3.34 (6H, s, NMe 2 ), 
3.42 (3H, s, Me), 3.64 (lH, s, NH), 5.46 (1H, sept, CH), 
and 7.31 (5H, s, ArH) 
Found: C, 62.6; H, 6.7; N, 25.3%; M, 285. 
9N 0 requires: 
C 15111 —5 
	 C, 63.2; H, 6.7; N, 24.6%; t4, 285. 
Found: M, 285.156771. 
c.1519 _5 0  requires: M, 285.158952. 
Further elution with 60% v/v ethyl acetate-methylene 
chloride or 20% v/v ethanol-ethyl acetate gave small amounts 
of intractable red gums. 
With -Methylbenzylamine. 	Evaporation of the 
mixture, from the reaction of the N-oxide (390a),(0.39g, 
0.002 mol) with N-methylbenzylarnine (1.0 ml) in ethanol 
(55.0 ml), gave a gum (1.3 g) which was subjected to 
chromatography over silica. 	Elution with 5% v/v ethyl 
acetate-methylene chloride gave a negligible amount of a 
green gum. 	Further elution with 30% v/v ethyl acetate- 
methylene chloride gave a green gum (0.20 g) which decomposed 
on standing. 	Subsequent elution with ethyl acetate and 
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50% v/v ethyl acetate-ethanol gave small amounts of intract-
able gums. 
With ethylenediamine. 	The mixture from the 
reaction of the N-oxide (390a), (0.39 g, 0.002 mol) with 
ethylenediamine (1.0 ml) in ethanol (55.0 ml) was evaporated, 
and the residual gum (0.52 g) was chromatographed over silica. 
Elution with 10% v/v ethanol-ethyl acetate gave a brown gum 
(0.03 g) which was shown by t.l.c. in ethyl acetate over 
silica to be an unresolvable two component mixture. 	Final 
elution with ethanol gave a negligible amount of a brown gum. 
The column was extruded and the adsorbent was extracted with 
boiling methanol to give a green gum (0.07 g) which 
decomposed on standing. 
With acetamidine. 	The gum (0.34 g) obtained on 
evaporating the mixture from the reaction of the N-oxide 
(390a),(0.39 g, 0.002 mol) in absolute ethanol (40.0 ml), 
with acetamidine (0.008 mol) in ethanol (15.0 ml) [prepared by 
adding acetamidine hydrochloride (0.75 g, 0.008 mol) to a 
solution of sodium (0.16 g, 0.007 mol). in ethanol (15.0 ml) 
and filtering off the insoluble inorganic material], was 
chromatographed over silica. 	Elution with 5% v/v ethyl 
acetate-methylene chloride gave unchanged N-oxide (390a), 
(23%), m.p. 123-7 ° , identical (m.p. and i.r. spectrum) with 
an authentic sample. 	Further elution with 50% v/v ethyl 
acetate-methylene chloride afforded 7-amino-5-methyl-1, 2,5-
oxadiazolo[3,4 - ]pyrirnidine 1-oxide (473) ,(0.l1 g, 33%) which 
formed yellow needles, m.p. 203-6 ° (decomp.) (from toluene- 
' - ethyl acetate), 'rnax  3400 (NH), and 1679 (CO) c 1 , 
ó[(CD3) 2SO] 2.32 (3H, s, Me), 8.30 (1H, br s, NH), and 
9.18 (1H, br s, NH). 
-110- 
Found: C, 36.2; H, 2.9; N, 41.9%; M, 167. 
25115N522 
requires: C, 35.9; H, 3.0 	N, 41.9%; M, 167. 
Subsequent elution with ethyl acetate and 30% v/v 
ethanol-ethyl acetate gave negligible amounts of gums. 
With guanidine. 	The mixture from the reaction 
of the N-oxide (390a),(0.39 g, 0.002 mol) in ethanol (40.0 ml) 
with a solution of guanidine (0.008 mol) in absolute ethanol 
(15.0 ml) [prepared by treating a solution of sodium (0.16 g, 
0.007 mol) in absolute ethanol (15.0 ml) with guanidine 
hydrochloride (0.76 g, 0.008 mol) and filtering off the 
insoluble inorganic material] was evaporated, and the 
residue was dissolved in water (20.0 ml) and extracted with 
methylene chloride to give a negligible amount of a yellow 
solid. 	The alkaline aqueous mother liquor was neutralised 
with glacial acetic acid and saturated aqueous sodium hydrogen 
carbonate and extracted with methylene chloride to give a 
negligible amount of a red gum. 	The neutral aqueous 
layer was evaporated and the residue was extracted with 
boiling ethyl acetate to give a yellow gum (0.19 g) which 
was shown by t.1.c. in methylene chloride over silica 
to be an unresolvable four component mixture. 
With methylarrtinoacetonitrile (474a). 	Evaporation 
of the mixture from the reaction of a solution of the N-oxide 
(390a),(0.39 g, 0.002 mol) in ethanol (40.0 ml) with a 
solution of methylaminoacetonitrile (474a) (0.008 mol) in 
ethanol (40.0 ml) [prepared by dissolving methylaminoaceto-
nitrile hydrochloride (0.85 g, 0.008 mol) in ethanol (40.0 ml) 
and adding triethylamine (1.1 ml, .0.008 mol)] gave a gum 
which on trituration with ethyl acetate afforded triethylamine 
hydrochloride (1.05 g), m.p. 240 (decomp.), identical 
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(m.p. and i.r. spectrum) with an authentic sample. 	The 
ethyl acetate filtrate was evaporated to give a gummy solid, 
which was crystallised from toluene-light petroleum (b.p. 
80_100) to give unchanged starting material (390a),(0.33 g, 
85%), .m.p.. 122-6° , identical (m.p. and i.r. spectrum) with 
an authentic sample. 	The toluene-light petroleum (b.p. 80- 
100° ) mother liquor was evaporated to give a dark gum (0.07 g) 
which was shown by t.1.c. in methylene chloride over silica 
to be an unresolvable three component mixture. 
(xvii) With -cyanobenzylamine (474c). 	The mixture 
from the reaction of the N-oxide (390a), (0.39 g, 0.002 mol) 
with o-cyanobenzylamine (474c) (1.0 ml) in ethanol (55.0 ml) 
was filtered to give a solid (0.07 g) which formed colourless 
plates, m.p. 205-8 ° (from dimethylformamide-water),, 5[CDC1 3/ 
(CD 3 ) 2S0] 2.06-2.20 (lH, m) , 7.36-7.60 (8H, m) , and 7.69- 
8.08 (2H, m). 
Found: C, 81.4; H, 5.1; N, 12.6%; M+,  219. 
c15112_requires: C, 82.2; H, 5.0; N, 12.8%; M, 219. 
Evaporation of the ethanol filtrate gave a residue which 
was triturated with ethyl acetate to yield unchanged starting 
material (390a),(0.18 g, 46%), m.p. 120-5° , identical 
(rn.p. and i.r. spectrum) with an authentic sample. 	The ethyl 
acetate mother liquor was evaporated to give a gum (0.64 g) 
which was chromatographed over silica. 	Elution with 60% 
v/v toluene-light petroleum,60% v/v methylene chloride-
toluene, and 80% v/v ethyl acetate-methylene chloride gave 
negligible' amounts of gums. 
-112-- 
The Attempted Hydrogenation of 4 ,6-bis (Pyrrolidin-1-yl) - 
2-methyl-5-nitrosopy.rimidine (440) 
A solution of the n'itrosopyrimidine (440),(0.26 g, 0.001 rnol), 
in ethanol (50.0 ml) was hydrogenated over 10% palladium-on-
charcoal (0.03 g). 	The mixture was filtered and evaporated 
to give a gummy solid which was triturated with toluene to 
afford an insoluble brown gum (0.05 g), which was shown by 
t.l.c. in methanol over silica to be an unresolvable three 
component mixture, 	Evaporation of the toluene mother liquor 
afforded unchanged starting material (440),(0.22 g, 85%), 
mLp. 144 0 , identical (m.p. and i.r. spectrum) with an authentic 
sample. 
Further Attempts to Reduce 4,6-his(Pyrrolidin-1--yl)-2--methyl-
5-nitrosopyrimidine (440) 
(a) A solution of the nitrosopyrimidine (440),(0.26 g, 
0.001 mol) in 70% v/v aqueous ethanol (20.0 ml) was heated 
under reflux with sodium dithionite (0.40 g) (added in two 
portions, the second after 30 mm) for 1 h. 	The mixture 
was hot-filtered, to remove the insoluble inorganic material, 
and evaporated and the residue treated with water (5.0 ml) 
and extracted with methylene chloride. 	Evaporation of the 
extract gave a brown gum (0.11 g) which was shown by t.l.c. 
in ethyl acetate over silica to be a multicomponent mixture. 
Nothing further was isolated on working up the aqueous 
mother liquor. 
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(b) A suspension of the nitrosopyrimidine (440),(0.26 g, 
.0.001 mol) in triethyl phosphite (2.0 ml) was heated under 
reflux for 15 mm. 	The resulting dark solution was evaporated 
and the residual gum (0.34 g) was chromatographed over silica. 
Elution with 50% v/v ethyl acetate-methylene chloride, 20% v/v 
ethanol-ethyl acetate, and 40% v/v ethanol-ethylacetate gave 
negligible amounts of gums. 
The Attempted Reaction of the Green Gum (from the Reaction 
of the -Oxide (390a) with -Methylbenzylamine) with Hydrogen 
Chloride 
A solution of the green gum (0.095 - g) in dry ether (5.0 ml) 
was cooled to 00  (ice-salt bath) saturated with anhydrous 
hydrogen chloride and left stoppered at 0 for 16 h. 	The 
mixture was then filtered to give a colourless solid which 
on attempted collection decomposed to an intractable brown 
gum. . The ether filtrate was evaporated to give a brown 
gum (0.04 g) which was shown by t.l.c. in methanol over 
silica to be an unresolvable two component mixture. 
The Preiaration of 4-Arnino-6 -dime thvlarnino-2 -me thvl-5-
nitrosopyrimidine (444d) 	 . 
The N-oxide (390a),(0.39 g, 0.002 mol) was dissolved in a 
saturated solution of ethanolic ammonia (55.0 ml) and the 
solution was left stoppered at room temperature for 24 h. 
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The solution was evaporated and the residual gum (0.38 g) 
was subjected to chromatography over silica. 	Elution with 
80% v/v methylene chloride-toluene gave unchanged N-oxide 
(390a.),(26%), m.p. 120-5 ° , identical (M.P. and i.r. spectrum) 
with an authentic sample. 	Further elution with ethyl 
acetate gave 4-amino- 6-dimethylamino-2-methyl-5-flitrOSO 
pyrimidine (444d),(0.12 g, 33%) which formed pale green plates, 
M.P. 184-7° [from toluene-light petroleum (b.p. 80-100 ° )], 
max 3250 (NH), and 1679 and 1620 (C=N) cm 1 , 6[(CD 3 ) 2 SO] 
2.17 (3H, s, Me), and 3.37 (6H, s, NMe 2 ). 
Found: C, 45.8; H, 5.5; N, 37.5%; M+,  181. 
.71l50 requires: C, 46.4; H, 6.1; N, 38.7%; M, 	181. 
Final elution with ethanol gave a brown gum (0.05 g) 
which was shown by t.l.c. in methanol over silica to be an 
unresolvable three component mixture. 
The Attempted Reaction of the Oxadiazolqpyrimidine 1-Oxide 
(390a) with Hydroxylarnine 
A solution of the N-oxide (390a),(0.39 g, 0.002 mol) in 
methanol (50.0 ml) was treated with 1M methanolic hydroxyl-
amine solution (8.0 ml) and the resulting solution was 
stirred at room temperature for 24 h. 	The red mixture was 
evaporated and the residue was extracted with ethyl acetate 
to leave an orange solid • (0.33 g) which was dissolved in 
water (44.0 ml) and neutraliSed with glacial acetic acid, then 
solid sodium acetate and evaporated. 	The resulting residue 
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was extracted with boiling ethyl acetate but gave only a 
negligible amount of brown gum. 	Evaporation of the original 
ethyl acetate gave no identifiable material. 
The Attempted Cyclisation of 4,6-bis(Pyrrolidifl-1-Y1) - 2 -
methyl-5-nitrosopyrimidifle (440) 
A solution of the nitrosopyrimidine (440) 1 (0.26 g, 
0.001 mol) in 10% w/v aqueous hydrochloric acid (18.0 ml) 
was heated under reflux for 30 mm. 	The solution was 
neutralised with aqueous dilute sodium hydroxide and 
extracted with methylene chloride to give a negligible amount 
of a brown gum. 	The neutral aqueous mother liquor was 
evaporated and the residue was extracted with boiling ethyl 
acetate to give a negligible amount of a brown gum. 
A solution of the nitrosopyrimidine (440), (0.26 g, 
0.001 mol) in glacial acetic acid (5.0 ml) was heated under 
reflux for 10 mm. 	The solution was evaporated and the 
residual gum (0.25 g) was subjected to dry column chromato-
graphy in ethyl acetate over alumina. 	The front-running 
band gave a negligible amount of an orange gum. 	The next 
band afforded 7_methy1-5-(pYrro1idifl1Yl)PYrrO1idifl0[1i26] 
imidazo [4,5-]pyrirnidifle (448),(0.06 g, 25%) which formed 
colourless plates, m.p. 141-3 ° [from light petroleum (b.p. 
° 80-100)]. 
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Found: C, 63.6; H, 6.9; N, 28.9%; M, 243. 
l3!175 _requires: C, 64.2; H, 7.0; N, 28.8%; M, 243. 
The slowest moving band gave a brown gum (0.06 g), which 
was shown by t.l.c. in methanol over silica to be an 
unresolvable three component mixture. 
The Attempted Reaction of the oxacliazolopyrirnidine 1-Oxide 
(390a) with Benzhydrylamine 
A stirred solution of the N-oxide (390a),(0.39 g, 0.002 mol) 
in ethanol (55.0 ml) was treated with benzhydrylamine (1.0 ml) 
and the resulting solution was heated at 500  for 42 h. 	The 
solution was evaporated to give a gum (1.61 g) which. was 
chr.omatographed over silica. 	Elution with 60% v/v methylene 
chloride-toluene gave a negligible amount of oil. 	Further 
elution with 5% v/v ethyl acetate-methylene chloride gave a 
negligible amount of a yellow gum,. 	'Subsequent elution with 
10% v/v ethyl acetate-methylene chloride afforded a green gum 
(0.26 g) which was soluble in light petroleum and could not 
be 'crystallised,S[ (CD 3 ) 2Sol 2.27 (1H, s), and 6.80-7.78 
(15 H, in). Subsequent elution with 30% v/v ethyl acetate-
methylene chloride gave a red gum (0.78 g) which was shown 
by t.l.c. in methylene chloride over silica to be an 
unresolvable four component mixture. 	Final elution with 
10% v/v ethanol-ethyl acetate gave a brown gum (0.20 g) 
which was shown by t.l.c. in methylene chloride over silica 
to be a close-running 'three component mixture. 
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The Attempted Cyclisàtion of 6-Dimethylamino-2-methyl-4-
.(-methylbenzylamino) -5-nitroso2ymidine (453b) 
• 	(a) A solution of the nitrosopyrimidine (453b) 1 (0.28 g, 
0.001 mol) in n-butanol (5.0 ml) was heated under ref lux 
for 1. h. 	The mixture was evaporated and the residual gum 
(0.44 g) was chrornatographed over silica. 	Elution with 5% 
v/v ethyl acetate-methylene chloride gave unchanged starting 
material (453b),(43%), m.p. 85_900, identical (m.p. and i.r. 
soectrum) with an authentic sample. 	Further elution with 
30% v/v ethyl acetate-methylene chloride and 20% v/v ethanol-
ethyl acetate gave small amounts of unidentified brown gums. 
(b) A solution of the nitrosopyrimidine (453b),(0.28 g, 
0.001 mol) in ethanol (25.0 ml) was heated under ref lux with 
amyl nitrite (0.70 ml) (added in two portions, the second 
after 1 h) for 45 h. 	The solution was evaporated to give a 
gum (0.58 g) which was chromatographed over silica. 	Elution 
with 5% v/v ethyl acetate-methylene chloride afforded unchanged 
nitrosopyrimidine (453 b),(11%), m.p. 85-8° , identical (m.p. 
and i.r. spectrum) with an authentic sample. 	Further elution 
with 50% v/v ethyl acetate-methylene chloride gave a brown 
gum (0.09 g) which was shown by t.1.c. in ethyl acetate 
over silica to be an unresolvable four component mixture. 
Final elution with 50% v/v ethanol-ethyl acetate gave a brown 
gum (0.21 g) which was shown by t.l.c. in ethyl acetate over 
silica to be a multicomponent mixture. 
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A solution-of the nitrosopyrimidine (453b) 1 (0.28 g, 
0.001 mol) in glacial acetic acid (5.0 ml) was added to a 
stirred solution of potassium dichromate (0.20 g) in water 
12.0 ml) and concentrated sulphuric acid (0.20 ml) and the 
mixture was stirred at room temperature for 4 h. 	Water 
(15.0 ml) was added, the solution was extracted with methylene 
chloride and the extract was washed with saturated aqueous 
sodium hydrogen carbonate solution to give a brown gum (0.04 g) 
which was rubbed with ethyl acetate to afford an unidentified 
solid (0.03 g), m.p. 120-5°, 'max 	(011), 3140 br (NH), and 
1727 and 1693 (CO) cm -1 
Found: M, 274.106254 (error < 2 p.p.m.). 
ç13_14403 requires: M, 274.106583. 
A solution of the nitrosopyrimidine (453b), (0.28 g, 
0.001 mol) in dry benzene (15.0 ml) was treated with manganese 
dioxide (0.70 g, 0.008 mol) and the mixture was heated under 
reflux for 22 h. 	The mixture was filtered to remove the 
manganese dioxide, which was washed with dry benzene, and 
the benzene filtrate and washings were combined and evaporated 
to give unchanged starting material (453b),(96%), m.p. 85 0 , 
identical (m.p. and i.r. spectrum) with an authentic sample. 
A solution of the nitrosopyrimidine (453b),(0.28 g, 
0.001 md) in absolute ethanol (15.0 ml) was treated with a 
solution of sodium (0.02 g, 0.001 mol) in absolute ethanol 
(4.0 ml) and the resulting mixture was stirred at room 
temperature for 20 h. 	The solution was evaporated and the 
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residue was dissolved in water (6.0 ml) and extracted with 
me thy lenechioride to give a red gum (0.09 g) which was 
shown by t.l.c. in methylene chloride over silica to be a 
multicomponent mixture. 	Nothing further was isolated on 
working up the aqueous mother liquor. 
(f) A solution of the nitrosopyrimidine (453b) 1 (0.14 g, 
0.0005 mol) in glacial acetic acid (3.0 ml) was heated under 
ref lux for 10 mm. 	The solution was evaporated and the 
residual gum (0.21 g) was chromatographed over silica. 
Elution with 5% v/v ethyl acetate-methylene chloride gave 
unchanged nitrosopyrimidine .(453b) 1 (14%), m.p. 85° , identical 
(M.P. and i.r. spectrum) with an authentic sample. 	Further 
elution with 20% v/v ethanol-ethyl acetate gave a negligible 
amount of a brown gum. 	Final elution with ethanol gave a 
negligible amount of a brown gum. 
The Cyclisation of 4,6-bis(Benzylamino)-2-methyl-5-nitroso-
pyrimidi.ne (453a) using Acetic Acid 
A solution of the nitrosopyrimidine (453a),(0.27 g, 0.001 mol) 
in glacial-acetic acid (5.0 ml) was heated under ref lux for 
10 mm. 	The solution was evaporated and the residue was 
triturated with toluene to afford 4-benzylamino-2-rnethyl-
8-phenylpurine (460),(0.07 g, 22%) as colourless plates, 
M.P. 227-230°, Vmax 3340 and 3280 (NH), and 1659 (CO) cm', 
6[(CD 3 ) 2 S0] 1.89 (3H, s, Me), 2.40 (3H, s, Me), 4.80 (2H, 
br s, CH 2 ) , 7.14-7.60 (7H, m, C 6H 5 ) , and 7.92-8.20 (3H, m, 
C 6H5 ). 
Found: 	C,67.4; H,5.2; N,19.2%; M,315. 
C,67.2; H,5.6; N,18.7%; M, 315. 
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Found: 	315.147759 (error < 3 p.p.m.). 
19175 _requires: M, 315.148388. 
The toluene filtrate was evaporated to give a dark gum 
(0.18 g) which was shown by t.1.c. in ethyl acetate over 
silica to be an unresolvable multicomponent mixture. 
The Attempted Cyclisation of 6-Dimethylamino-2-methyl-4-
(mor2holin-1-yl)-5-riitrosopyrimidine (443) using Acetic Acid 
A solution of the nitrosopyrimidine (443),(0.25 g, 0.001 mol) 
in glacial acetic acid (5.0 ml) was heated under ref lux 
for 10 mm. 	The solution was evaporated and the residue 
was triturated with ethanol-ethyl acetate to give a solid 
(0.02 g) which formed colourless needles, m.p. 143-8
0 
 
[from light petroleum (b.p. 80-100°)], vmax  1590 (C= 	cmN) 
-1 
Found: M, 264.157929 (error < 3 p.p.m.). 
c132O422_requires: M, 264.158617. 
ZL 
The ethanol-ethyl acetate filtrate was evaporated and 
the residual gum (0.17 g) was chromatographed over silica. 
Further elution with ethyl acetate,30% v/v ethanol-ethyl 
acetate and ethanol gave negligible amounts of gums. 
6-Dimethvlamino-2-methyl-5-nitrOso-4-pheflylamiflOPyrirflidifle 
(461a) 
A solution of the N-oxide (390a), (0.39 g, 0.002 mol) in 
ethanol (55.0 ml) was treated with aniline (1.0 ml) and the 
resulting mixture was stirred at room temperature for 24 h, 
after which time it was shown by t.l.c. in methylene chloride 
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over silica to contain mainly unchanged starting material. 
The reaction mixture was therefore heated at 500  for 24 h. 
The solution was then evaporated and the residual gum 
(1.29 g) was chromatographed over silica. 	Elution with 
40% v/v toluene-light petroleum gave an orange gum (0.05 g) 
which was shown by t.1.c. in methylene chloride over silica 
to be an unresolvable two component mixture. 	Further 
elution with 60% v/v methylene chloride-toluene gave an 
orange gum (0.08 g) which was shown by t.l.c. in methylene 
chloride over silica to be an unresolvable three component 
mixture. Subsequent elution with 5% v/v ethyl acetate-
methylene chloride afforded 6-dimethylamino-2-methyl-5-
nitroso-4-phenylaminopyrimidifle (461a),(0.41 g, 80%) which 
formed green needles, rn.p. 145-8 ° [from light petroleum 
(h.p. 80-100° )]. 
Found: C, 60.6; H, 5.7; N, 27.1%; M, 257. 
2131115H5  requires: C, 60.7; H, 5.8; N, 27.2%; M, 257. 
Subsequent elution with 50% v/v ethyl acetate-methylene 
chloride and 30% v/v ethanol-ethyl acetate gave negligible 
amounts of gums. 
The Attempted Cyclisation of 6-Dimethylamino72-methyl-5- 
jtroso-4--phenylaminopyrimidine (461a)using Acetic Acid 
A solution of the nitrosopyrimidine (461a),(0.20 g, 0.0008 mol) 
in acetic acid (10.0 ml) was heated under reflux for 30 mm. 
The solution was evaporated and the residual gum (0.26 g) 
was chromatographed over silica to give only small amounts 
of intractable gums. 
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The Reaction of the Oxadiazolopyrirnidine 1-Oxide (390a) 
with -Methy1ani1ine and -Pheny1ene Diamine 
A solution of the N-oxide (390a),(O.39 g, 0.002 mol) in 
ethanol (55.0 ml) was treated with the respective amines and 
the resulting solutions were stirred at 500  for 24 h. 	The 
mixtures were evaporated to give gums which were worked up 
as described below. 
-Methylani1ine. 	The gum (0.76 g) from the 
reaction of the N-oxide (390a) with N-methylaniline (1.0 ml) 
was chromatographed in 80% v/v toluene-light petroleum over 
silica to afford unchanged starting material (390a),(67%), 
M.P. 120-5 ° , identical (M.P. and i.r. spectrum) with an 
authentic sample. 	Further elution with methylene chloride, 
ethyl acetate or ethanol gave negligible amounts of unidenti-
fied gums. 
-Phenylenediamine. 	The gum (1.4 g) from the 
reaction of the N-oxide (390a) with o-phenylene diamine 
(0.86 g, 0.008 mol) was chromatographed over silica. 
Elution with 5% v/v ethyl acetate-methylene chloride afforded 
a solid (0.11 g) which formed colourless plates, m.p. 245-8 ° 
(from toluene), Vmax  3180 br (NH),and 1710 (CO) cm 1 , 6(CDC1 3 ) 
1.22 (1H, s), 2.16 (lH, s), 2.50 (2H, d), 3.40 (1H, d), 
and 3.57 (1H, s). 
Found: C, 54.6; H, 3.7; N, 29.7%; M, 261. 
9-1l--9-52_requires: c, 54.3; H, 3.7; N, 28.8%; M, 243. 
Further elution with 15% v/v ethyl acetate-methylene chloride 
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gave o-phenylenediamine (0.72 g, 84%), m.p. 100-2° , identical 
{m.p. and i.r. spectrum) with an authentic sample. 	Final 
elution with 20% v/v ethanol-ethyl acetate gave a dark red 
gum (0.19 g) which was shown by t.lc in ethyl acetate over 
silica to be an unresolvable four component mixture. 
Methylarninophenylacetonitrile (474b). 
Methylaminophenylacetonitrile (474b) was prepared (81%) by 
the method of Spence and Tennant. 182.  
The Attempted Reaction of the Oxadiazolopyrimidine 1-Oxide 
(390a) with Methylaminophenylacetonitrile (474b) 
A solution of the N-oxide (390a),(0.39 g, 0.002 mol) in 
ethanol (55.0 ml) was treated with methylaminophenylaceto-
nitrile (474b) (1.0 ml) and the resulting mixture was stirred 
at 50° for 24 h, and then heated under reflux for 3h. 	The 
solution was evaporated and the residue (0.67 g) was 
chromatographed in methylene chloride over silica. 	The 
front-running band gave unchanged methylaminophenylaceto-
nitrile (474b), (0.23. g), identical (i.r. spectrum) with an 
authentic sample. 	The second band gave unchanged N-oxide 
(390a),(92%), m.p. 120-5° , identical (m.p. and i.r. spectrum) 
with an authentic - sample. 	The third band gave a negligible 
amount of a brown gum. 
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The Preparation of 2 ,6-bis (Diraethylamino) -5-nitroso-4-
(pyrrolidin- l-yl)  pyrirnidine (477) 
A solution of the oxadiazolopyrimidine 1-oxide (390c), 
(0.30g. 0.0013 mol) in ethanol (250 ml) was treated with 
pyrrolidine (1.0 ml) and the resulting solution was stirred 
at room temperature for 24 h. 	The mixture was evaporated and 
the residue was triturated with ethanol to give an unidentified 
brown solid (15 mg), m.p. 207-212 (decomp.), Vmax  3280 (NH) 
cm 1 . 	The ethanol filtrate was evaporated and the residual 
gum (0.55 g) was chromatographed over alumina. 	Elution with 
50% v/v methylene chloride-toluene .gave a negligible amount of 
a yellow gum. 	Further elution with 10% v/v ethanol-methylene 
chloride afforded 2,6-bis(dimethylamino)-5-nitroso-4-(pyrrolidin--
l-yl)pyrirnidine (477),(0.14 g, 41%) which formed purple plates, 
m.p. 115-8 ° [from light petroleum(b.p. 80-100° )], 	CDC1 3 ) 
1.96 (4H, m, ring CH 2 ), and 2.93-3.90 (16 H, m, ring CH  
and NMe 2 ). 
Found: C, 54.P; H, 7.6; N, 31.3%; M, 264. 
122060 requires: C, 54.5; H, 7.6; N, 31.8%; N, 264. 
Final elution with 40% v/v ethanol-methylene chloride 
gave a negligible amount of a brown gum. 
The Preparation of 4-(alkylaminomethylideneamino)-1,2,5-
oxadiazole-3-carboxamide 2-Oxides [(479), (485a and b) 
and (488a and b)] 
A solution of the oxadiazolopyrimidinone 1-oxide (414), 
(0.31 g, 0.002 mol) in ethanol (50.0 ml) was treated with the 
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corresponding amine and the resulting mixture was stirred at 
room temperature for 24 h. 	The amides were isolated either 
by filtration or by evaporation of the reaction mixture 
followed by trituration. 
4_[(Pyrrolidin-1-yl)methYlideneamiflO]1,2,5 
oxadiazole-3-carboxamide 2-Oxide (479). 	The N-oxide 
(414) reacted with pyrrolidine (1.0 ml) to give the amide 
(479) more of which was obtained by evaporating the ethanol 
filtrate and triturating the residue with ethanol-ethyl 
acetate (total 78%). 	The product (479) formed colourless 
rhonths, m. p. 184-7 ° (decomp.) (from ethanol), vmax 3308 
and 3170 (NH), 1692 (CO), and 1630 (C=N) cm- 1 
Found: C, 42.8; H, 4.9; N, 31.2%; M, 225. 
 C ' .42.7; 	H, 4.9; 	N, 31.1%; 	M, 	225. 
Evaporation of the ethanol-ethyl acetate filtrate gave an 
orange gum (0.06 g) which was shown by t.l.c. in ethyl 
acetate over silica to be an unresolvable three component 
mixture. 
4_[(Piperidin-1-yl)methylideneamino}l,2,5OXadiaZOle3 
carboxamide 2-Oxide (485a). 	Reaction of the N-oxide (414) 
with piperidine (1.0 ml) gave a solid, which was combined 
with a second crop obtained by evaporating the ethanol 
filtrate and triturating the residue with ethanol, to 
give the amide (485a) 1 (86%) which formed colourless plates, 
m.p. 191-3° (from ethanol), Vmax 3350 and 3180 (NH), 1681 
(CO) , and 1640 (C=N) cm, 	[(cD 3 ) 2 SO] 1.43-1.72 (6H, br s, 
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ring CH2 ), 3.42-3.73 (4H, br s, ring CH 2 ), 7.80-8.26 (2H, 
br d, NH2 ), 8.38 (lii, s, CH), and 8.75 (1H, s, CH). 
Found: C, 45.3; H, 5.4; N, 29.5%; I,4, 239. 
913523_requires: C, 45.2; H, 5.4; N, 29.3%; M, 239. 
Evaporation of the ethanol mother liquor gave an orange gum 
(0.03 g) which was shown by t.l.c. in ethyl acetate over 
silica to be an unresolvable two component mixture. 
4_Morpho1in-1-y1)methy1idefleminO]1,215 
oxadiazoie-3-carboxaniide 2-Oxide (485 b). 	Reaction of the 
N-oxide (414) with morpholine (1.0 ml) gave the amide 
(485b) more of which was obtained by evaporating the ethanol 
filtrate and triturating the residue with ethyl acetate 
(total 81%). 	The product (485b) formed pale yellow needles, 
M.P. 144-7° (from ethanol) ,max3338 and 3200 (NH), 1692 
(Co), and 1629 (C=N) cm 1 , ó[(CD 3 ) 2Sol 3.66 (8H, s, CH 2 )1 
5.45 (2H, br s, NH2 ), and 8.44 (III, s, CH). 
Found: C, 39.9; H, 4.6; N, 29.1%; M, 241. 
8ll524_requires: C, 39.8; H, 4.6; N, 29.1%; M, 241. 
Evaporation of the ethyl acetate filtrate gave a negligible 
amount of a yellow gum. 
4- (EthylaminomethylideneamiflO)-1,2,5-OXa4iaZole-3-
carboxamide 2-Oxide (488a). 	Reaction of the N-oxide (414) 
with ethylamine (1.0 ml) gave a solid, which was combined 
with a second crop obtained by evaporating the ethanol 
filtrate and triturating the residue with ethanol, to give 
'the amide (488a),(58%) as colourless needles, M.P. 149-152° 
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(from ethanol), Vmax 3415 and 3300 (NH), 1721 and 1703 
(CO).*, and 1630 (C=N) cm 1 , 6[(CD 3 ) 2SO] 1.14 (2H, t, CH 2 ), 
3.36 (3H, m, Me), 8.04 (1H, br d, NH), 8.22 (lii, d, NH), 
8.41 (1H, br s, CH), and 8.67 (1H, br s, CH). 
Found: C, 36.3; H, 4.6; N, 34.9%; M+,  199. 
69523_requires: C, 36.2; H, 4.5; N, 35.2%; M, 199. 
Evaporation of the ethanol mother liquor gave an orange gum 
(0.08 g) which was shown by t.1.c. in ethyl acetate over 
silica to be an unresolvable four component mixture. 
(e) 4- (DiethylaminomethyliderleamiflO),-1, 2, 5-oxadiazole-
3-carboxamide 2-Oxide (488b). 	Evaporation of the mixture 
from the reaction of the N-oxide (414) with diethylamine 
(1.0 ml) gave a gum, which was triturated with ethyl acetate 
to afford the diethylamine salt of the 1,2,5-oxadiazolo[3,4--] 
yrimidine 1-oxide (414),(0.18 g,.40%) which formed pale 
yellow needles, m.p. 99-102° (from ethyl acetate), Vmax  3040 
(NH),and 1640 (C=O) cm 1 , 6[(CD 3 ) 2SO] 1.14 (6H, t, Me), 2.96 
(4H, q, CH 2 ), and 7.98 (1H, s, Cli). 
Found: C, 42.5; H, 5.4; N, 30.8%; M, 227. 
8.l3523_requires: C, 42.3; H, 5.7; N, 30.8%; M, 227. 
The ethyl acetate mother liquor was evaporated to give 
a gum which was rubbed with toluene to afford the amide 
(488b),(0.12 g, 27%) as colourless needles, m.p. 135-7° 
(from ethanol-water), Vmax336O  (NH), and 1710 (CO) cm- 1 
6(CDC1 3 ) 1.22 (6H, t, Me), 3.47 (4H, q, CH 2 ), and 8.38 
(1H, s, CH). 
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Found: C, 41.9; H, 5.5; N, 30.8%; M, 227. 
281113E523 requires: C, 42.3; H, 5.7; N, 30.8%; M, 227. 
Evaporation of the toluene mother liquor gave •a 
negligible amount of a brown gum. 
4-Amino-1, 2, 5-oxadiazole-3-carboxamide 2-Oxide (480) 
The amide (479), (0.45 g, 0.002mol) was heated 
under ref lux with aqueous dilute hydrochloric acid (5.0 ml) 
in ethanol (30.0 ml) for 1 h. 	Concentration of the mixture 
afforded the amino-amide (480),(69%) which formed colourless 
plates, m.p. 203-5° (from water), Vmax  3397, 3290 and 3150 
(NH) , 1679 (CO) , and 1669 (CN) cm. 
Found: C, 25.2; H, 2.6; N, 38.6%; M, 144. 
23114403 requires: C, 25.0; H, 2.8; N, .38.9%; M, 144. 
No further material was isolated on working up the 
aqueous mother liquor. 
The amide (485a),(0.24 g, 0.001 mol) was heated 
under reflux with aqueous dilute hydrochloric acid (2.5 ml) 
in ethanol (20.0 ml) for 1 h. 	Evaporation of the mixture 
yielded the amino-amide (480),(69%), m.p. 195-200° , identical 
(m.p. and i.r. spectrum) with an authentic sample. 	Working 
up the aqueous mother liquor gave no further material. 
The Reaction of 4-Amino-1, 2 ,5-oxadiazole--3-carboxamide 
2-Oxide (480) with Triethylorthoformate 
The aminoamide (480),(0.22 g, 0.0015 mol) was heated under 
reflux with triethyl orthoformate for 3 h. 	The solid was 
collected from the cooled mixture and combined with further 
crops obtained by evaporating the ethanol filtrate and tritur-
ating the residue with ethyl acetate, and evaporating the 
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ethyl acetate mother liquor and triturating the residue with 
toluene, to give 4-ethoxymethylidefleamiflO-1,2 ,.5-oxadiazole-3-
carboxarnide 2-Oxide (481),(67%) which formed colourless 
plates, m.p. 112-5 ° (from toluene), vmax 3395 and 3260 (NH), 
1727 and 1716 (CO) cm 1 . 
Found: C, 36.6; H, 4.0; N, 28.2%; M, 200. 
68i424 _requires: C, 36.0; H, 4.0; N, 28.0%; M, 200. 
Evaporation of the toluene mother liquor gave a 
negligible amount of an orange gum. 
The Attempted Reaction of 4-Amino-1,2,5-oxadiaZOle-3-
carboxamide 2-Oxide (480) with Nitrous Acid 
A stirred suspension of the amino-amide (480), (0.43 g, 
0.003 mol) in concentrated hydrochloric acid (0.6 ml) and 
water (3.0 ml) was cooled to 00  (ice-salt bath), and 
treated with a solution of sodium nitrite (0.25 g) in water 
(1.0 ml) at such a rate that the temperature remained 
between 0_50. 	The mixturc was stirred at 00  for 40 min and 
then filtered to give unchanged starting material (480), 
(65%), m.p. 202-3 0 , identical (m.p. and i.r. spectrum) with 
an authentic sample. 	Working up the aqueous mother liquor 
gave no further material. 
The Attempted Reaction of the Oxadiazolopyrirnidine 1-Oxide 
(414) with Hydrazine 
The N-oxide (414),(0.31 g, 0.002 mol) in ethanol (40.0 ml) 
was treated with 100% hydrazine hydrate (0.5 ml) and the 
resulting solution was stirred at room temperature for 24 h. 
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The mixture was filtered to give an intractable solid (0.23 g) 
which could not be characterised. Work up of the mother 
liquor gave no further material. 
The Attempted Reaction of the Oxadiazolopyrimidine 1-Oxide 
(390a) with Sodium Ethoxide 
A solution of the N-oxide (390a),(0.20 g, 0.001 inol) in 
absolute ethanol (40.0 ml) was united with a solution of 
sodium (0.09 g, 0.004 mol) in absolute ethanol (10.0 ml) and 
the mixture was heated under reflux for 30 mm. The 
solution was evaporated, the residue was dissolved in water 
(5.0 ml), and the solution was extracted with methylene chloride 
to give an orange gum (0.04 g) which was shown by t.l.c. in 
methylene chloride over silica to be an unresolvable two 
component mixture. 	The alkaline aqueous mother liquor was 
neutralised with aqueous dilute hydrochloric acid and 
saturated aqueous sodium hydrogen carbonate solution and 
extracted with methylene chloride to give a negligible amount 
of a brown gum. 
The Attempted Reaction of the Oxadiazolopyrimidinone 1-Oxide 
(414) with Sodium Ethoxide 
A suspension of the N-oxide (414),(0.31 g, 0.002 rnol) in 
absolute ethanol (35.0 ml) was united with a solution of 
sodium (0.18 g, 0.008 mol) in absolute ethanol (15.0 ml) 
and the resulting solution was stirred at room temperature 
for 24 h. 	The mixture was evaporated and the residue 
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was dissolved in water (5.0 ml). 	Neutralisation of the 
solution and extraction gave no material. 
The Attempted Reaction of the Oxadiazolopyrimidine 1-Oxide 
(390a) with Formaldehyde 
A stirred suspension of the N-oxide (390a) 1 (0.39 g, 0.002 mol) 
in methanol (1.5 ml) and water (1.5 ml) was treated with 
37% w/v aqueous formaldehyde solution (0.17 g) and the 
mixture was heated to 40_20. A solution of potassium 
hydroxide (0.23 g) in methanol (0.5 ml) and water (05 ml) 
was added dropwise and the mixture was stirred at 40-2 for 
1 h. 	The mixture was diluted with water (2.5 ml) filtered 
to remove a small amount of purple solid, neutralised with 
aqueous dilute hydrochloric acid and solid sodium acetate, 
and extracted with methylene chloride. 	Evaporation of the 
extract gave a gum (0.13 g) which was triturated with toluene 
to afford 5-methyl-1,2,5-oxadiazo1o[3,4-]pyrirnidin-7(6H)-
one 1-oxide (497) ,(24%) which formed pale fawn needles, 
rn.p. 150-30  (from toluene), v max  3183 and 3113 (NH), 1712 
(CO), ana 1642 (C=N) cm -1 
Found: C, 36.0; H, 2.4; N, 33.2%; M, 168. 
C 5H 4N4 03 requires: C, 35.7; H, 2.4; N, 33.3%; 14, 18. 
The toluene mother liquor was evaporated to give a brown 
gum (0.03 g) which was shown by t.1.c. in methylene chloride 
over silica to be an unresolvable two component mixture. 
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The Attempted Reaction of the Oxadiazolopyrimidine 1-Oxide 
(390a) with Aqueous Potassium. Hydroxide 
A stirred suspension of the N-oxide (390a),(0.39 g, 0.002 mol) 
in methanol (1.5 ml) and water (1.5 ml) maintained at 40-2° 
was treated dropwise with a solution of potassium hydroxide 
(0.23 g) in water (0.5 ml) and methanol (0.5 ml) and the 
mixture was stirred at 40-2 for 1 h. 	The mixture was 
diluted with water (2.5 ml) and filtered to remove some 
purple solid. 	The alkaline aqueous mother liquor was 
neutralised with aqueous dilute hydrochloric acid and 
extracted with methylene chloride to give a dark gum (0.10 g) 
which was shown by t.1.c. in methylene chloride over silica 
to be an unresolvable four component mixture. 
The Attempted Reaction of the Oxadiazolopyrimidine 1-Oxide 
(390a) with Sodium Dicyanamide 
A stirred suspension of the N-oxide (390a),(0.39 g, 0.002 
mol) in methanol (1.0 ml) and water (1.0 ml) was heated 
at 55° for 25 min with sodium dicyanamide (0.53 g, 0.006 mol) 
(added in two portions, the second after 10 mm). 	The 
mixture was filtered to give a dark solid (0.20 g) which was 
slurried with water (2.0 ml) and filtered to remove a small 
amount of a dark solid (2 mg), m.p. 238-2400,M, 281. 
Working up the aqueous mother liquors gave no further material. 
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The Attempted Reaction of the Oxadiazolopyrimidine 1-Oxide 
(390a) with Ethyl Cyanoacetate 
A solution of the N-oxide (390a),(0.39 g, 0.002 mol) in 
dimethylformarnide (3.0 ml) was treated with ethyl cyano-
acetate (0.22 ml, 0.002 rnol) and the resulting solution was 
cooled to 100. (ice-water bath) and 1,5-diazabicyclo[4.3.0] 
non-5-ene (0.50 g) was added dropwise with stirring before 
allowing the stirred solution to warm up to room temperature 
during 10 mm. 	Water (20.0 ml) was added and the dark 
solution was extracted with methylene chloride to give a 
dark gum (0.68 g) which was shown by t.1.c. in methylene 
chloride over silica to be an unresolvable multicomponent 
mixture. Neutralisation of the alkaline aqueous mother 
liquor and extraction with methylene chloride gave a dark 
gum (0.21 g) which was shown by t.l.c. in methylene chloride 
over silica to be an unresolvable multicornponent mixture. 
The Attempted Reaction of the Oxadiazolopyrimidine 1-Oxides 
(410a), (414) and (390a) with Water 
A solution of the N-oxides (0.002 mol) in dioxan (25.0 ml) 
was treated with water (5.0 ml) and the resulting solutions 
were stirred at room temperature for 18 h. 	The unchanged 
oxadiazolopyrimidifle 1-oxides (70-100%) were isolated by 
evaporation of the reaction mixture, and treatment with 
water. 
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Attempted Reaction of the Oxadiazolopyrimidine 1-Oxide (410a) with Mathanol. 
¶1he N-oxide (410a), (0.17 g, 0.001 'rrol) was dissolved in boiling methanol (3.0 ml). 
Filtration of the cooled mixture gave a solid which was combined with a second 
crop obtained by. evaporating the methanol filtrate, to give unchanged starting 
material (410a), (82%), -m.p. 115_1200 , identical (m.p. and i.r. spectrum) with 
an authentic sample. 
The Attempted Reaction of the Oxadiazolopyrimidirione 1-Oxide (414) with Ethanol 
The N-oxide (414), (0.31 g, 0.002 1101) was dissolved in boiling ethanol (7.0 ml). 
Filtration of the cooled mixture afforded a solid, which was combined with a 
second crop obtained by evaporating the ethanol filtrate, to give unchanged 
starting material (414),(97%), m.p. 196-200° (decomp.), identical (m.p. and i.r. 
spectruni) with an authentic sample. 
The Attempted Reaction of the Oxadiazolopyrimidine 1-Oxides (390a) , (390c) and 
(414) with Manganese Dioxide 
A solution of the N-oxides in dimethylformamide was treated with manganese dioxide 
(1.0 g for every 0.001 irol of N-oxide) and the resulting mixture was stirred at 
roan temperature for 2h. The manganese dioxide was removed by filtration, and 
washed with dimethylformaniide (5.0 ml). Evaporation of the combined filtrate 
and washings gave the products. 
7-Dirrethylarnino-5-nEthyl-1, 2, 5-oxadiazolo [3, 4-a] -pyrimidine 1-Oxide (390a) 
Treatment of the N-oxide (390a), (0.39g,0.002 nol) in dimathylformamide (10.0 ml) 
with manganese dioxide (2. Og) gave unchanged starting material (390a) , (90%), m. p. 
122-7° , identical (m.p. and i.r. spectrum) with an authentic sample. 
5, 7-bis(DirrethylaminO) -1,2, 5-oxadiazolo[3, 4 -a] -pyrimidine 1-Oxide (390c) 
Treathent of the N-oxide (390c), (0.22 g, 0.001 nol) in dimethylformaniide 
(15.0 ml) with manganese dioxide (1.0 g) gave a yiirmny solid, which was 
triturated with light petroleum to afford unchanged starting material (390c), 
-135- 
(73%), M.P. 16150, identical (m.p. and i.r. spectrum) with 
an authentic sample. 	The light petroleum mother liquor 
was evaporated to give a black oil (0.05 g) which was shown 
by t.1.c. in methylene chloride over silica to be an 
unresolvable four component mixture. 
(iii) 1, 2 ,5-Oxadiazo 1o[ 3 , 4- 12yrimidifl-7 ( 6H )-Ofle 
1-Oxide (414). 
Treatment of the N-oxide (414),(0.31g, 0.002 mol) in 
dimethylformamide (10.0 ml) with manganese dioxide . (2.0 g) 
gave an orange oil (0.86 g) which was treated with water 
(7.0 ml) to give unchanged N-oxide (414) ,(74%), m.p. 196-200 ° 
(decomp.), identical (m.p. and i.r. spectrum) with an authentic 
sample. Extraction and neutralisation of the aqueous mother 
liquor gave no further material. 
The Attempted Reduction of the Oxadiazolopyrimidine 1-Oxide 
(390a) with Sodium Borohydride 
(i) The N-oxide (390a),(0.39 g, 0.002 mol) was added 
to a vigorously stirred suspension of sodium borohydride 
(0.10 g) in diglyme (5.0 ml) and the mixture was heated to 
35° at which point an exothermic reaction set in. 	When this 
had subsided the mixture was stirred at 
35_400  for 30 mm. 
The mixture was poured into ice-water (40.0 ml), acidified 
by the dropwise addition of glacial acetic acid and extracted 
with methylene chloride to give an orange gum (0.36 g) which 
was subjected to dry column chromatography in ethyl acetate 
over silica. 	The front running band gave unchanged starting 
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material (390a),(44%), m.p. 122-5° , identical (m.p. and i.r. 
spectrum) with an authentic sample. The other band gave a 
negligible amount of a brown gum. 
(ii) A solution of the N-oxide (390a),(0.39 g, 0.002 mol) 
in methanol (35.0 ml) was.added under nitrogen over 5 mm 
to a stirred suspension of 10% palladium-on-charcoal (0.01g) 
and sodium borohydride (0.15 g,.0.004 mol) in water (0.5 ml). 
The mixture was stirred at room temperature under nitrogen, 
for 15 min then filtered and evaporated to give a residue 
which was treated with water to give a solid (0.05 g) as 
orange plates, m.p. 161-4 ° [from toluene-light petroleum 
(b.p. 80-1000)], Vmax 3400 and 3305 (NH), and 1615 and 1560 
(C=N) cm1, M+,  195. 	The aqueous mother liquor was extracted 
with methylene chloride to give a dark gum (0.05 g) which 
was shown by t.l.c. in methylene chloride over silica to be 
a three component mixture. 	The alkaline aqueous layer was 
buffered neutral with aqueous dilute hydrochloric acid and 
extracted with methylene chloride to afford a solid (0.05 g) 
which formed colourless plates, in.p. 126-130° [from light 
petroleum (b.p. 80-100° )]. 
Found: M, 179.080156 (error < 4 p.p.m.). 
C 7 119N50 requires: M, 179.080706. 
Nothing more was isolated on further work up of the aqueous 
layer. 
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The Attempted Reduction ofthe Oxadiazolopyrimidine 1-Oxide 
(390c) with Sodium Borohydride 
The N-oxide (390c),(0.22 g, 0.001 mol) was added to a 
vigorously stirred suspension of sodium borohydride (0.05 g) 
in diglyme (2.5 ml) and the mixture was heated at 35-40
0  for 
30 mm. 	The resulting solution was poured into ice-water 
(20.0 ml) and just acidified by the dropwise addition of 
glacial acetic acid to afford the unchanged N-oxide 
(390c),(64%), m.p. 160-5° , identical (m.p. and i.r. spectrum) 
with an authentic sample. Working up the aqueous mother 
liquor gave only small amüunts of intractable gums. 
The Attempted Reduction of the Oxadiazolopyrimidine 1-Oxide 
(390a) 
A solution of the N-oxide (390a),(0.39 g, 0.002 mol) 
in 70% v/v aqueous ethanol (65.0 ml) was heated under reflux 
with sodium dithionite (0.80 g) (added in two portions,the 
second after 30 mm) for 1 h. 	The mixture was hot-filtered 
to remove some insoluble material, evaporated and treated 
with water (5.0 ml) to yield unchanged starting material 
(390a),(59%), m.p. 122-6 0 , identical (m.p. and i.r. spectrum) 
with an authentic sample. Working up the aqueous mother 
liquor gave no further material. 
A stirred suspension of the N-oxide (390a), 
(0.39 g, 0.002 mol) in triethyl phosphite (3.0 ml) was 
heated at 55° for 20 mm. The resulting solution was 
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cooled to afford unchanged N-oxide (390a),(0.10 g), m.p. 
120-5° , identical (m.p. and i.r. spectrum) with an authentic 
sample. 	The triethyl phosphite filtrate was evaporated 
and the residue was triturated with toluene to give a dark 
solid (15 mg) , rn.p. 190-5 ° , v 	1673 (C=N) cm 1 , M, 1790,max 
tentatively identified as the furazan (518) (M, 179). 
The toluene filtrate was evaporated and the residual gum 
(0.37 g) was chromatographed. over silica. 	Elution with 
5% v/v ethyl acetate-methylene chloride gave unchanged 
N-oxide (390a),(total 0.14 g, 36%), m.p. 122-7 ° , identical 
(m.p. and i.r. spectrum) with an authentic sample. 	Further 
elution with 80% v/v ethyl acetate-methylene chloride and 
10% v/v ethanol-ethyl acetate gave small amounts of unidenti-
fied gums. 
(iii) Repetition of reaction (ii) but with heating under 
reflux for 2 h gave a dark gum which was shown by t.1.c. in 
methylene chloride over silica to be an unresolvable multi-
component mixture. 
The Attempted Reduction of the Oxadiazolopvrimidine 1-Oxide 
(410a). with Sodium Borohydride 
The N-oxide (410a),(0.17 g, 0.001 mol) was added to a 
vigorously stirred suspension of sodium borohydride (0.05 g). 
in diglyme (2.5 ml). 	The mixture was warmed to 35
0  and 
maintained at this temperature for 30 mm. 	The resulting 
solution was poured into ice-water (20.0 ml), just acidified 
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by the dropwise addition of glacial acetic acid and 
extracted with methylene chloride to give a yellow gum 
(0.03 g) which was shown by t.l.c. in methylene chloride 
over silica to be an unresolvable three component mixture. 
Working up the aqueous mother liquor gave no further 
identifiable material. 
Chapter 3 
Approaches to the Synthesis of a-Oxygenated 
Imidazo[4,5-12]pyridines and Pyrido[2,3 -bi 
pyrazines 





























Approaches to the Synthesis of a-Oxygenated Imidazo[4,3 - ] 
pyridines and Pyrido [2, 3-bJ pyrazines 
3.1 Introduction 
Both N-oxygenated purines (523a) and pteridines (524a) are 
known to be biologically active (see Chapter 2). 	Replacement 
of one of the pyrimidine nitrogen atoms in these ring systems 
by C-H gives rise to N-oxygenated irnidazo[ 4 ,5 - ]pyridines 
(523b) and pyrido[2,3-]pyrazines (524b),deazapurine and 	* 
deazapteridine derivatives which might exhibit biological 











Scheme 124 	(524) 0 (a) i 
(b) CH 
It was therefore of interest to develop general synthetic 
routes to these relatively unknown N-oxygenated heterocycles. 
Both imidazo[ 4 , 5- jpyridifles (525) and pyridoL 2 , 3- 1pyrazines 
(527) are well known 
186 and are readily obtainable by 
condensation of acids and ct-dicarbonyl compounds with 2 1 3-
diaminopyridthes (526.) 	(Scheme 125). 	1-Hydroxyinidazo- 
187 	i pyridines (530) 	and midazopyridine 7-oxides (532) 188  
are also known (Schemes 125 and 126). 	The latter is the 
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only N-oxide obtained on peracid oxidation of the parent 
system (531). 	This illustrates the limitations of peracid 
oxidation as a means of synthesising all of the N-oxygenated 
species of a particular polyazaheterocycle. 	1-Hydroxyimidazo- 
pyridines(530) have been prepared 
187  by acyla.tion of 2-amino-
3-nitropyridines (528) with trifluoroacetic anhydride to give 
the amides (529) which are reductively cyclised, using catalytic 
hydrogenation, to 1-hydroxyimidazopyridines (530). 	Recently 
pyrido[2,3-1pyrazine 1,4-dioxides (534). have been synthesised 165 
by the base-catalysed reaction of the o.xadiazolopyridine 
1-oxide (533) with -dicarbony1 compounds (Scheme 126). 
Since neither N-oxygenated imidazo[ 4 , 5- 1pyridines (537), 
(539)lor pyrido[2,3-]pyrazine 4-oxides (541) and (543) 
had been prepared previously it was considered worthwhile 
to attempt to devise methods for their general synthesis. 
One possible approach is to acylate 3-amino-2-nitropyridine 
(535) to give the amides. (536) and to reductively cyclise 
these to 3-hydroxyimidazo[ 4 , 5- ]PyridifleS (537) as in the 
synthesis of the 1-hydroxyimidazopyridifleS (530) 187 
Alternatively base-catalysed aldol-type cyclisations of 
N-substituted 2-nitropyridines (538) and (540), containing 
an active methylene group in the side chain would give , 
depending on the position of the methylene group, either 
imidazo[4,5-]pyridine 3-oxides (539) or pyrido[2,3-2] 
pyrazine 4-oxides.. (541). 	Such cyclisations would be 
analogous to those leading to benzimidazole N-oxides and 
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Likewise formation of a 3-N-acylated-2--nitropyridine of the 
type (542), from 3-amino--2-nitropyridine (535), followed 
by reductive cyclisation would afford 1,2-dihydropyrido 
[2,3-b}pyrazine 4-oxides (543). 	The analogy for this 
synthesis is based on analogous reductive cyclisations in 
the benzene series using sodium borohydride and palladium-
on-charcoal as the reducing agent (see Chapter 1) 
3.2 Synthesis of -Oxygenated Pyrido[2,37jpyrazines 
Approaches Involving Base-catalysed Cyclisation of 
Nitropyridine Derivatives 
By analogy with the synthesis of quinoxaline N-oxides 
involving the base-catalysed cyclisation of ct-substituted 
o-nitroacetanilides (see Chapter 1), it seemed likely that 
3-(N-acyl)amino-2-nitropyridines (540) might cyclise readily 
to the desired pyrido[2,3-b]pyrazine 4-oxides (541) under 
basic conditions. 	The requisite 3-(N-acyl)amino-2-nitro- 
pyridines (540) should be readily synthesised by acylation 
of 3-amino--2-nitropyridine (44). 	Thus 3-amino-2-nitro- 
pyridine (544), which was readily prepared in low yield by 
the method of Clark-Lewis and Thompson, 189 was reacted with 
ethyl acetoacetate in boiling xylene in an attempt to obt ain 
the 3-acetoacetylaminO-2nitrOpYridine (545) (Scheme 128). 
Under these conditions o-nitroaniline (548) readily formed 
138 N-acetoacetyl-o-nitroaniline (549) 	(Scheme 129). 	However 
in: the case of the aminopyridine (544) only unchanged 
starting material was isolated. 	Similarly, the amine (544) 
















































to give the hoped for 3-cyanoacetylamino--2-nitropyridifle 
(546). 	Under these conditions o-nitroaniline (548) 
readily affords N-cyanoacetyl-o-nitroanillne (550). 138 
Likewise the attempted reaction of cyanoacetic acid with 
the amine (544) in the presence of N,N-carbonyl-di-imidazole 
[a reagent known to promote amide formation via a mixed 
anhydride intermediate (552) (Scheme 130)) gave unchanged 
starting material and irnidazole (553) as the only isolable 
products and not the desired cyanoacetylamine (546). 
Returning to the analogy with o-nitroahiline (548), the amine 
(544) was heated in a melt with phenylacetyl chloride, 
conditions which in the benzene series afforded o-nitro-N-
phenylacetylaniline (551) 138 
	However this reaction gave a 
product which was largely phenylacetic acid contaminated 
(as revealed by mass speátroscopy) by a trace amount of the 
required 3-phenylacetylamino-2-nitropyridifle (547). 	No 
attempt was made to separate this product from the phenyl-
acetic acid as the yield seemed likely to be too small to 
be synthetically useful. 	The failure of these various 
attempts to acylate 3-amino-2-nitropyridine (544) is a 
measure of the low basicity of the amino substituent in 
this molecule. 	In an effort to increase the nucleophilicity 
of the amino function and hence its tendency to undergo 
acylation an attempt was made to tosylate the amine (544) 
by heating it with toluene--su1phony1chloride in pyridine. While 
the amino function in 2-nitro-3- (to1uene-p-su1phonamido)-
pyridine (554) (Scheme 131) would be even more weakly basic 
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should be a rnuth more potent nucleophile than the amine (544) 
and thus should acylate more easily (see scheme 131). 
However, only unchanged starting material was obtained in 
the attempted preparation of (554). With the same idea in 
mind 3_ethoxycarbony1amiflO-2-flitrOPYrid]ne . (557) was prepared 
189 
by the method of Clark-Lewis and Thompson, 	and an attempt 
made to generate its sodium salt (558) in situ by reacting 
the urethane (557) with sodium ethoxide (Scheme 132). 	The 
supposed sodium salt (558) was then reacted with cyanoacetyl 
chloride in boiling benzene in an attempt to obtain the 3-(N- 
c1anoacety1)ethoxycarbonylamiflo-2nitr0PY1d 	(559). 
However once again only unchanged starting material was recovered 
from this reaction. As it was possible that this failure was 
due to the sodium salt (55 8) not having been formed initially, 
a further attempt was made to generate the sodium salt (558) by 
reacting the urethane (557) with the stronger base,. sodium 
hydride. Indeed when a suspension of sodium hydride in 
dimethylformamide was treated with a solution of the 
urethane (557) in dimethylformamide. a dark red turbid mixture 
was produced suggesting that the salt (558) had indeed been 
formed under these conditions. 	However, when the red 
mixture was stirred with. cyanoacetyl chloride in a further 
attempt to obtain the N-acylated amine (559) only unchanged 
urethane (557) was isolated. 	Since the sodium salt (558) 
appeared to have been formed the reaction was repeated using 
a different acid chloride namely phenylacetyl chloride. 
In practice this reaction gave only a low yield of the 
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(560) (Scheme 132). 	This product gave satisfactory 
analytical and mass spectral data and its i.r. spectrum 
contained bands at 1760 and 1710 cm -1 attributable to 
two carbonyl groups. 	As it stands this reaction is 
not efficient enough to provide a viable synthetic route 
to the N-acylated urethane (560). 	However, the isolation 
-of a significant quantity of unchanged urethane (557) from 
this reaction suggested that harsher reaction conditions 
might improve the yield of the N-acylated urethane (560). 
Thus the reaction was repeated, only this time, the sodium 
salt (558) and phenylacetyl chloride were heated in 
refluxing benzene. 	Unfortunately these conditions were 
totally ineffective and gave only unchanged starting material. 
It is known (see chapter 1) that hydroxyamines (561) 
react readily with ketones to form nitrones (562) (Scheme 133). 
If the hydroxyamine were attached to a pyridine ring and ortho 
to a nitro group then reaction with suitable -dicarbonyl 
compounds might afford nitrones of the type (564) which are 
set up for base-catalysed cyclisation to the pyrido[2,3 - ] 
pyrazine 1,4-dioxides (567) (Scheme 134). Consequently an attempt was made 
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to obtain the unknown 2-hydroxyamino-3-nitropyridine 
(563) by treatment of the commercially available 2-chioro-
3-nitropyridine (568) (Scheme 135) with boiling methanolic 
1M hydroxylamine solution. 	This gave a good yield of the 
hydroxyamine (563) for which satisfactory mass spectral data 
was obtained. 	However some difficulty was experienced in 
achieving a satisfactory elemental analysis for this product. 
On the other hand an accurate mass measurement confirmed 
the molecular formula C 
5 H 5 N 3 0 3  for the product. 	The i.r. 
spectrum of the latter contained bands in the region 
3300-3150 cm- 1  attributable to a hydroxyamino group and at 
1550 and 1340 cm' due to a nitro group. 	The structure 
of the hydroxyamine (563) was confirmed by its conversion 
in hot acetic anhydride into the N-acetoxy-N-acetyl derivative 
(569) (Scheme 135). 	This product gave satisfactory analytical, 
mass spectral and 'H n.m.r. data and its i.r. spectrum contained 
carbonyl bands at 1785 and 1693 cm due to the N-acetoxy and 
N-acetyl groups respectively. An attempt was next made to 
convert the hydroxyarnine (563) into the nitrone (570) by 
heating it with ethyl acetoacetate in the presence of 
toluene--su1phonic acid as condensation catalyst. 	This 
reaction gave a low yield of unchanged hydroxyamine (563) 
plus a large quantity of an intractable high-melting solid 
which could not be characterised. 
It is known 190  that N-benzyl-2-nitroaniline (571) 
reacts with cyanoacetyl chloride to yield N-benzyl-N-
cyanoacetyl-2-nitroaniline (572) which readily undergoes 
base-catalysed cyclisation to the quinoxaline N-oxide (573) 
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(Scheme 136). 	consequently the readily prepared 2-benzyl- 
amino-3-nitropyridifle (574)191 was reacted with cyanoacetyl 
chloride under the conditions used to obtain N-benzyl-N -
cyanoacetyl-2-nitrOaflilifle (572) in an attempt to prepare 
2-. (N-benzyl-N-cyanoacetyl) amino-3-nitropyridine (575) 
with the intention of subjecting it to base-catalysed 
cyclisation to the pyrido[2,3-JpyraZiflOfle 1-oxide (576). 
However, only unchanged starting material was isolated 
in the attempted preparation of the amide (575). 
The studies described in this section demonstrate 
that acylation reactions which were successful in the 
case of 2-nitroanilines were not successful in the case 
of 2-amino-3-nitropyridifle and related compounds. 
Approaches Involving Reductive cyclisation of Nitropyridine 
Derivatives 	- 
As has been discussed earlier an alternative 
method for the synthesis of quinoxaline N-oxides (579W) 
from 2-nitroaniline (548) involves a/ylation with an 
aikyl halide to give intermediates of the type (577) 
which are reductively cyclised to the quinoxaline 
N-oxides (579) presumably via the hydroxyalnino inter-
mediates (578) (scheme 138). 	Thus analogy with the 
benzene series was again the basis for the attempted 
synthesis of pyrido[2,3-kipyraZifle 4-oxides. 	However, 
because of the previous lack of success using 3-amino-2-
nitropyridine (544), due to the low basicity. of the 
-148- 
amino-group in this molecule, initial alkylation reactions 
were carried out using the sodium salt of 3-ethoxycarbonyl-
amino-2-nitropyridine (558). 	Thus phenacyl bromide was 
reacted with the sodium salt (558) under the same conditions 
used previously to obtain 3-(N-phenylacetyl)ethoxycarbonyl-
amino-2-nitropyridine (560) to give the desired 3-(N-phenacyl) 
ethoxycarbonylamino-2-nitropyridine (580) in reasonable 
yield (Scheme 139). 	The product (580) gave satisfactory 
analytical, mass spectral and 1 H n.m.r. data. 	Its i.r. 
spectrum contained two carbonyl bands at 1710 and 1692 cm -1 
and also bands at 1545 and 1310 cm- 1  due to a nitro group. 
An attempt was then made to reductively cyclise the N-aLkylated 
nitropyridine (580) to 1, 2-dihydro-l-ethoxycarbonyl-3-
phenylpyrido[2,3-Jpyrazine 4-oxide (581) with sodium boro-
hydride in the presence of palladium-on-charcoal, conditions 
which in the benzene series achieved cyclisation. 12 
However this reaction led to two unidentified solids. The 
first was low melting and gave analytical and mass spectral 
data consistent with the molecular formula C 8H1002 . 	Its 
n.m.r. spectrum showed the presence of a phenyl group, 
a single proton at 5 4.76 split into' a doublet of doublets 
and a five proton multiplet at 6 3.67. 	Also the solid's 
i.r. spectrum contained a band at 1695 cm 1 attributable 
to a carbonyl group. 	But, even with all this information 
no structure could be obtained for the solid. 	The second 
solid melted at 177-180° , had a carbonyl band at 1730 cm.- 1 
in its i.r. spectrum and was red in colour. 	Unfortunately 
its analytical and mass spectral data were not mutually 
-149- 
consistent and a lack of material prevented the solid being 
further investigated. 
The N-alkylated-2-flitrOpyridifle (580) was next subjected 
to catalytic hydrogenation over palladium-on-charcoal in a 
further effort to obtain the pyridopyrazine 4-oxide (581). 
However this reaction only gave unchanged starting material. 
It is well known (see chapter 1) that cyano groups 
which are part of a side chain which is ortho to a nitro 
group can be cyclised by catalytic hydrogenation to ct-amino 
N-oxides - 	Thus, the 3- (N-cyanomethyl)ethoXYcarbOflYlamiflO -2  
n 4.tropyridine (582) (prepared in connection with the attempted 
synthesis of imidazo[4,5-]pyridine 3-oxideS- see later] was 
subjected to catalytic hydrogenation over palladium-on-charcoal 
in an attempt to effect cyclisation to the pyrido[2,3- J 
pyrazine N-oxide derivative (583) (scheme 140). 	This reaction 
gave an excellent yield of a solid C whose i.r. spectrum con- 
tained bands at 3320 and 3175 cm- 	to an amino group, 
a band at 1720 cm' due to a carbonyl group and no absorption 
attributable to a nitro group. 	This jr. data is consistent 
with the solid C being the desired N-oxide (583). However, 
analytical data consistent with the N-oxide structure (583) 
could not be obtained. Likewise the mass spectrum of the 
solid C showed a parent ion of 265 mass units as opposed to 
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characterise the solid c by acetylation with hot acetic 
anhydride or reduction with sodium dithionite afforded only 
the unchanged solid C. 	Also the formation of the solid C 
by catalytic reduction of (582) was subsequently found to 
be irreproduceable. 	Consequently, attention was directed to 
the synthesis of the N-oxide (583) by reductive cyclisation 
of the N-alkylated urethane (582) using sodium borohydride 
and palladium-on-charcoal. 	Using these conditions a. 
reasonable yield of a solid product D, thought to be the 
N-oxide (583) could be reproducibly obtained. 	The 
1H n.m.r. 
s3ctrum of the solid product was consistent with the N-oxide 
structure (583) as was its i.r. spectrum. 	The latter 
contained bands at 3340 and 3260 cm- 
1  due to an amino group, 
a band at 1678 cm- 
1  attributable to a carbonyl group, and no 
absorption due to a nitro group. 	Unfortunately the solid D 
could not be crystallised and was purified by precipitation. 
from ethanol with ethyl acetate. 	Purification in this way 
was not sufficiently satisfactory to allow analytical data 
consistent with the molecular formula of the N-oxide (583) 
to be obtained. 	Also the mass spectrum of the solid product 
D showed a parent ion of 265 mass units akin to that of solid 
C. 	Treatment of the solid D with an ethanolic iron (III) 
chloride solution gave a cherry-red solution which is more 
the colour associated with a hydroxamic acid 12 than with an 
ct-amino N-oxide. 	ct-Amino N-oxides usually give . a blue or 
green colour138 with ethanolic iron (III) chloride. 	In an 
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(558) 	 Scheme 141 
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(583) it was heated with aqueous dilute hydrochloric acid in 
ethanol in the hope of hydrolyticaily removing the ester group 
to give the N-oxide (584). 	However this treatment gave a 
low yield of a product idenUfiable as the cyclic hydroxaiaic acid (585) 
(scheme 141). 	This product gave satisfactory analytical, mass 
spectral and 1H n.m.r. data and its i.r. spectrum contained 
-1 
broad absorption over the range 2600-2100 cm attributable 
to the presence of a cyclic hydroxamic acid group and associated 
carbonyl absorption at 1710 cm- 1. 	It is somewhat surprising 
that the well-known acid-catalysed hydrolytic removal of a 
u1.ethane ethoxycarbonyl group did not occur in preference to 
what appears to be the hydrolysis of an amino group assuming 
of course that the precursor is the N-oxide (583). 	In order 
to establish the structure of the hydroxamic acid (585) 
unambiguously, an attempt was made to reduce it to the parent 
compound (586) by heating with sodium dithionite in aqueous 
ethanol. 	However the hydroxamic acid (585) was stable under 
these conditions. 	Hence an attempt was made to acetylate the 
hydroxamic acid (585) with a view to hydrogenolysing the 
expected N-acetoxy compound (588) to the parent compound (586). 
The product of the acetylation of (585) showed a band at 
1810 cm 1 in its i.r. spectrum consistent with the presence 
of an N-acetoxy group. 	It also gave mass spectral data 
consistent with the N-acetoxy structure (588) but analytical 
data consistent with the molecular formula corresponding to 
this structure could not be obtained. Moreover the 
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palladium-on-charcoal and its H n.m.. spectrum clearly 
indicated it to be contaminated with a second unidentified 
product. 	The structure of the hydroxamic acid (585) was 
finally confirmed by synthesis. 	Thus 3-(N-ethoxycarbonyl- 
nthyl)ethoxycarbonylamino-2-nitropyridine (587) was reductively 
cyclised to the hydroxamic acid (585) using sodium borohydride 
and palladium-on-charcoal. 	The 2-nitropyridine derivative 
(587) was formed in good yield by reaction of the sodium salt 
(558) with ethyl chioroacetate (Scheme 141) and gave satis-
factory analytical, mass spectral and 1 H n.m.r. data. 
In a further effort to characterise the product considered 
to be the N-oxide (583), an attempt was made to reduce it to 
the parent system (589) by heating it with sodium dithionite in 
aqueous ethanol. 	This reaction afforded a low yield of a 
solid E whose combustion analysis and mass spectrum indicated 
it to be isomeric ith the hydroxamic acid (585). 	Since it 
seemed likely that an isomer of the hydroxamic acid (585) 
would be obtained by solvolysis of the N-oxide (583) rather 
than reduction, the N-oxide (583) was heated in aqueous ethanol 
in the absence of dithionite. 	The solid Ewas again isolated 
showing that it is indeed a solvolysis product. 	The product 
E is tentatively assigned the structure (592) (scheme 142) 
on the basis of its spectral properties. 	Its H n.m.r. 
spectrum is identical to that of the hydroxamic acid (585), 
except that instead of a peak at 6 4.50 due to two methylene 
protons it contains a one proton singlet at 6 5.80 which 
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i.r. spectrum contains a broad band at 3200 cm- 
1  due to an 
NH function and two carbonyl bands at 1725 and 1690 cm 1 .. 
Quite how the hydroxy-compound (592) is formed is uncertain, 
although the hydroxamic acid (585) cannot be an intermediate 
since this compound was stable to heating with sodium dithionite 
in aqueous ethanol. 	One possibility (scheme 142) is that the 
N-oxide (583) undergoes initial tautomerisation to the-N, -hydroxy 
compound (590) which then undergoes nucleophilic attack by a 
water molecule at the double bond to give the intermediate 
which then undergoes hydrolysis to the hydroxy compound 
(92) (scheme 142). Surprisingly the attempted acetylation of 
the supposed N-oxide (583) also resulted in the formation of 
the product tentatively assigned the structure (592). 
Further work will have to be carried out to establish 
unambiguously the structures of the products (583), (585) and 
 
3.3 Synthesis of DI-Oxygenated Imidazo[ 4 , 5-]2]pyridines 
Once again the proposed synthetic routes to N-oxygenated 
imidazo[4,5-jpyridines were based on analogous syntheses of 
N-oxygenated benzimidazoles. 	Compounds of this type are 
readily prepared (chapter 1) by aldol-type cyclisations.of 
N,N-disubstituted 2-nitroanilines (594) containing an active 
methylene grOup in the side chain (scheme 143). 	These 
N,N-thsubstituted 2-nitroanilines (594) are readily prepared 129 
by the base-catalysed condensation of N-substituted 2-nitro- 
anilines (593) with suitable alkyl halides, 	Consequently 
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.3-ethoxycarbonylarnino-2-nitropyridine (557) was heated in 
acetone with chioroacetonitrile in the presence of potassium 
carbonate in the hope of obtaining 3-(N--cyanornethyl)ethoxy--
carbonylamino-2-nitrooyridine (596) (Scheme 144) whose cyclis-
ation could then be studied. 	However only the starting 
urethane (557) was recovered from this reaction. 	Likewise 
the attempted reaction of the urethane (557) with benzyl 
chloride in the presence of potassium carbonate gave only 
unchanged starting material and not the desired 3-(N-benzyl) 
ethoxycarbonylamino-2-nitropyridine (597) (Scheme 144). 
Due to the non-reactivity of the urethane (557) an attempt 
was again made to achieve älkylation by using the sodium salt 
(558) as the nucleophile. 	In practice the salt (558) reacted 
readily with chioroacetonitrile in dimethylformamide to give 
a good yield of the expected 3-(N-cyanomethyl)ethoxycarbonyl-
amino-2-nitropyridine (596) (Scheme 145). 	This product 
gave satisfactory analytical, mass spectral and: 1H n.rn.r. data 
-1 and its i.r. spectrum contained a band at 2240 cm due to a 
cyano group, a carbonyl band at 1720 cm 1 and bands at 1540 
and 1300 cm- 1  due to a nitro group. 	The nitrile (596) was 
accompanied by a low yield of a solid thought to be 3-(N-
carbamoylmethyl)ethoxycarbonylamino-2-nitropyridine (598). 
This by-product is presumably formed by hydrolysis of some 
of the cyanomethyl derivative (596) during work up of the 
reaction mixture. 	The amide (598) gave analytical and 
mass spectral data consistent with the assigned structure. 
The i.r. spectrum of the solid which contained bands at 
3420, 3315 and 3185 cm- 1  due to an amino group and two carbonyl 
bands at 1708 and 1674 cm 1 is also consistent with the amide 
structure (598). 	Encouraged by the successful cyanomethylation 
of the salt (558) an attempt was also made to benzylate this 
compound. 	However reaction of the salt (558) , 'with benzyl 
chloride gave not the expected benzyl derivative (597) but a 
low yield of a solid product which gave analytical, mass 
spectral and 1H n.m.r. data consistent with it being the 
imidazo[4 ,5-]pyridine N-oxide (599) (Scheme' 146). 	However, 
-1 
the presence of a band at 1710 cm in its' i.r. spectrum 
attributable to a carbonyl group is clearly inconsistent with 
the structure (599). 	Lack of material prevented, further 
investigation of this compound. 	The major product of the 
reaction of the salt (558) with benzyl chloride was a yellow 
oil whose analytical and mass spectral data were not mutually 
consistent. 	Combustion analysis indicated the molecular 
formula C 19H20N 3041 Whilst its mass spectrum indicated a 
parent ion of 362 mass units. 	The 1H n.m.r. spectrum of the 
oil showed it contained two phenyl groups, an ethyl group, 
a methylene group and two aromatic' 'protons one split into a 
multiplet and the other into a triplet. 	However this 
information could not be reconciled with any structure, 
although, the presence of a carbonyl band at 1730 cm 1 in 
the i.r. spectrum of the oil together with the signals due 
to an ethyl group in its 1H n.m.r. spectrum implies that 
the molecule contains an intact ethoxycarbonyl group. 
Having synthesised the N-alkylated 2-nitropyridine. 
(596) attempts were made to cyclise it to an imidazo[4,5-] 
pyridine 3-oxide using a variety of basic catalysts. 
Thus the N-cyanomethyl urethane (596) was heated with sodium 
carbonate in methanol,ethanolic sodium ethoxide, and also 
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obtain 2-cyano-1-ethoxycarbonylimidazo [4, 5-]2]pyridine 3-oxide 
(601) (Scheme 147) by generation of the carbanion (600) 
followed by aldol-type cyclisation (Scheme 147). 	However in 
each case only the unchanged starting material was recovered 
from the reaction mixture. 	The failure of the nitrile (596) 
to undergo cyclisation is presumably due to insufficient activ- 
ation of the methylene substituent. 	The attempted cyclisation 
of 3- (N-phenacyl) ethoxycarbonylamino-2-nitropyridine (580) 
(available from studies directed towards the synthesis of 
N-oxygenated pyrido[2,3-b]pyrazines - see before) was also 
investigated by heating the N-phenacyl urethane (580) with 
sodium carbonate in methanol in the hope of obtaining 2-benzoyl-
l-ethoxycarbonylimidazo[4, 5-]pyridine 3-oxide (602) 
(Scheme 148 -). 	In practice the solid product obtained is 
believed to be 2-benzoylimidazo[4,5-bjpyridine 3-oxide (603), 
formed by the desired aidol-type cyclisation,followed by 
hydrolytic removal of the ester group. 	The i.r. spectrum of 
the product contains no bands due to a nitro group, while 
the presence of a band at 1723 cm- 1  attributable to a carbonyl 
group, is consistent with the N-oxide structure (603). 
Similarly, the mass spectrum showed a parent ion peak at 
223 mass units corresponding to loss of the N-oxide oxygen 
atom from the N-oxide (603), behaviour characteristic of N-
oxides in general. 	Unfortunately due to lack of material 
neither a satisfactory combustion analysis nor an 'H n.m.r. 
spectrum could be obtained to confirm the structure (603). 
However the analytical data obtained is consistent with 
the N-oxide structure (603) rather than the parent system 
(605) as indicated by.the mass spectrum. 	Two other solid 
products were isolated in low yield from the reaction of 
-157- 
the urethane (580) with sodium carbonate. 	The first was 
3-amino-2-nitropyridine (544). 	As there is no obvious route 
by which this could be formed under the conditions used the 
starting phenacyl compound (580) was subjected to t.1-C. - to 
see if it contained any of the urethane (557) as this is 
known 189 to hydrolyse under basic conditions to the amine 
(544). 	Although t.l.c. of the crude phenacyl compound 
(580) did not reveal the presence of any urethane (557), the 
phenacyl compound (580) could be masking the urethane (557) 
due to the similar R f values of both compounds. 	Thus it 
sems reasonable to conclude that the amine (544) is an artefact 
which comes from the hydrolysis of small amounts of the 
urethane (557) which is present in the phenacyl compound 
(580) as a contaminant. 	The second product is tentatively 
formulated as 2-benzoyl-3-hydroxyimidaZO[4 , 5-b]pyridine 
(604), the N-hydroxy tautomer of the N-oxide (603). 
However it must be emphasised that this structure assignment 
is based solely on the mass spectrum and i.r. spectrum of 
the solid as again there was insufficient material to allow 
analytical and 1Hn.m.r. data to be obtained. 	The mass 
spectrum contains a parent ion of 239 mass units, which fits. 
the proposed structure (604) and there is a fragment ion at 
(M-16) mass units which is typical of a compound containing 
an N-hydroxy group. 	The i.r. spectrum of the product 
contains a carbonyl band at 1676 cm' and broad absorption 
between 2700 and 2100 cm 1 which is again characteristic of 
an N-hydroxy group, all of which fits the assigned structure 
(04). 	If correct, the structure (603) and (604) represent 
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forms of an N-hydroxy heterocycle. 	In an effort to improve 
the yield of one or other of these tautomers so that their 
structures might be established conclusively, an attempt was 
made to cyclise the N-phenacyl compound (580) by stirring it 
with ethanolic sodium ethoxide, conditions in the benzene 
series which led to the corresponding benzimidazole N-oxide 29 - 
The action of ethanolic sodium ethoxide on the N-phenacyl 
compound (580) gave a.1 ow  yield of the product believed to 
be the N-oxide (603). 	Again however the amount of material 
obtained was insufficient to allow the solid to be fully 
chracterised. 
It is known 
192  that 2-nitroanilines (606) can be 
converted into 2-nitroanilinoacetonitriles (607) by their 
reaction in glacial acetic acid with paraformaldehyde and 
sodium cyanide in the presence of zinc chloride (Scheme 
149). 	Consequently 3-amino-2--nitropyridine (544) was 
reacted with paraformaldehyde and sodium cyanide under these 
conditions in an attempt to synthesise N-(2-nitropyri&-3-yl) 
aminoacetonitrile (608) (Scheme 149) whose cyclisation could 
then be studied. 	However, only the starting amine (544) 
was recovered from this reaction. 
An alternative method of synthesising simple benzimid-
azole N-oxides is the reductive cyclisation of N-substituted 
N-acyl 2-nitroanilines using zinc and ammonium chloride 24 
(see chapter 1). 	Using thiL analogy an attempt was next made 
to prepare 3-hydroxyimidazo[4 ,5-Jpyridin-2  (1H)-one (610) from 
3-ethoxycarbonylamino-2-nitropyridine (557) by stirring the 
latter in aqueous tetrahydrofuran with zinc and ammonium 
chloride. 	The likely mechanism for this reaction (Scheme 150) 























by cyclisation as shown. 	However only unchanged urethane 
(557) was recovered from this reaction. 	Consequently 
reductive cyclisation was investigated using sodium boro-
hydride and palladium-on-charcoal in aqueous methanol. 
Under these conditions the product was the azoxy-compound 
(613) (Scheme 151) rather than the desired N-hydroxy 
compound (610). 	The product (613) gave satisfactory 
analytical and 1H n.m.r. data, and its i.r. spectrum 
contained NH absorption at 3420 and 3120 cm 1 , and a broad 
carbonyl band at 1727 cm 1 . 	The mass spectrum however 
showed a parent ion of 329 mass units corresponding to the 
loss of an ethoxy group. 	Formation of the azoxy-derivative 
(613) can be explained in terms of in situ condensation 
between the nitroso and hydroxyamino intermediates (611) 
and (612) formed by partial reduction of the urethane (557) 
(Scheme 151). 
Again in this section it has been shown that ortho 
acylamino and alkylamino nitropyridines do not generally 
undergo the cyclisation reactions of similar compounds in 
the benzene series. 
-160- 
3.4 	Experimental 
The Preparation of 2-Nitropyridine Derivatives 
3-Amino-2-nitropyridine (544) was prepared (20%) by the 
0 	
10 
method of Clark-Lewis and Thompson, m.p. 196-8 (lit., 
196-8° ) 	3455, 3265 and 3130 (NH) , and 1510 and 1360max 
(NO 2 ) cm -1 
3-Ethoxycarbonylamino-2-nitropridine (557) 	was prepared (20%) 
by the method of Clark-Lewis and Thompson, m.p. 80-2° (lit., 189 
82-3°), Vmax  3350 (NH), 1749 (CO),and 1510 and 1350 (NO2 ) cm 1 . 
2-Benzylamino-3-nitropyridine (574) 
2-enzy1amino-3-nitropyridine (574) was prepared in 85% yield 
by the method of Suhr and Grube and had m.p. 
73_50  (lit., 191 
740) 	3375 (NH), and 1520 and 1360 (NO 2 ) cm- 1 . 
The Attempted Reaction of 3-Amino-2-nitropyridine (544) with 
Ethyl Acetoacetate 
A solution of the amine (544) , (1.4 g, 0.01 mol) in hot dry 
xylene (100 ml) was treated with ethyl acetoacetate, (1.4 ml, 
0.01 mol) and the solution was heated under ref lux, with removal 
of ethanol, for 3h. 	The mixture was filtered to give a solid 
which was combined with a second crop obtained by evaporating 
the xylene filtrate and triturating the residue with toluene, 
to give unchanged starting material (544), (46%), m.p. 196-8° , 
identical (m.p. and i.r. spectrum) with an authentic sample. 
The toluene mother liquor was evaporated, to give a brown gum 
(1.2 g) which was shown by t.l.c. in chloroform over silica to 
be a mixture of unchanged amine (544) and ethyl acetoacetate. 
The Attempted Reaction of 3-Amino-2-nitropyridine (544) with 
Cyanoacetyl Chloride 
A solution of cyanoacetic acid (0.7 g, 0.006 mol) in dry ether 
(4.0 ml) was treated with phosphorus pentachioride (1.25 g) 
-161- 
in one portion with stirring, and the resulting 
solution was stirred at room temperature for 15 min with 
exclusion of atmospheric moisture. 	The ether and excess of 
phosphoryl chloride were removed at room temperature under 
high vacuum to give a yellow oil, which was immediately 
dissolved in dry dioxan (5.0 ml) and the solution added in 
one portion to a solution of the amine (544), (0.7 g, 0.005 mol) 
in dry dioxan (100 ml). 	The mixture was heated under ref lux 
for 2h and then filtered to give a solid (0.07 g) which was 
dissolved in water (1.0 ml) neutralised with acetic acid and 
extracted with methylene chloride to give a negligible amount 
of a yellow solid. 	The dioxan filtrate was evaporated and 
the residue was dissolved in water (5.0 ml) and extracted with 
methylene chloride to give an oily solid which on trituration 
with ethyl acetate gave unchanged amine (544), (11%), m.p. 
190-2 0 , identical (m.p. and i.r. spectrum) with an authentic 
sample. 	The ethyl acetate filtrate was evaporated to give 
a red oil (0.10 g) which was shown by t.l.c. in ether over 
silica to be a close-running four component mixture. Work-
up of the aqueous mother liquor gave no further material. 
The Attempted Reaction of 3-Amino-2-nitropyridine (544) with 
Cyanoacetic Acid 
A stirred solution of cyanoacetic acid (0.64 g, 0.0075 mol) in 
dry tetrahydrofuran (5.0 ml) was treated with N,N-carbonyl-
diimidazole (1.42 g, 0.0075 mol) and the mixture was stirred 
at room temperature for 30 min with the exclusion of 
atmospheric moisture. 	A solution of the amine (544), 
(1.0 g, 0.0075 mol) in dry tetrahydrofuran (110 ml) was 
added and stirring was continued for 24 h. 	The mixture was 
filtered to yield imidazole (553), (1.40 g) , .m.p. 83-5°, 
-162- 
identical (rn.p. and i.r. spectrum) with an authentic sample. 
The tetrahydrofuran filtrate was evaporated to give a solid 
(1.5 g) which was recrystallised from ethanol to give unchanged 
starting material (54 4) , '65%', m.p. 195-7 ° , identical (m.p. 
and i.r. spectrum) with an authentic sample. 	The ethanol 
mother liquor was evaporated to give a gum (0.36 g) which was 
shown by t.l.c. in methanol over silica to be an unresolvable 
multicomponent mixture. 
The Attempted Reaction of3-Amino-2-nitropyridine (544) 
with Phenylacetyl Chloride 
A mixture of the amine (544), (0.7 g, 0.005 mol) and phenyl-
acetyl chloride (5.0 ml) was heated with a free flame until 
a vigorous reaction set in and then at 1000  for 30 mm. 
The mixture was evaporated and the residue was left in contact 
with saturated aqueous sodium hydrogen carbonate solution 
(10.0 ml) for 17h. 	Filtration gave a fawn solid (38 g) which 
was dissolved in aqueous dilute sodium hydroxide (5.0 ml) and 
extracted with ether to give a brown solid (1.5 g). 	This was 
distilled using a kugelruhr to give, at 160-5 ° and 0.7 mm Hg, 
phenylacetic acid (0.75 g), m.p. 69_710,  identical (m.p. and 
i.r. spectrum) with an authentic sample, followed by a 
yellow solid, (0.48 g), m.p. 55-60°, 'umax  3255 (NH), and 
1800, 1698 and 1650 (CO) cm 1 , whose mass spectrum (M+, 
267, 136) showed it to be a mixture of mainly phenylacetic 
acid (M+, 136) and.a small amount of the phenylacetyl product 
(551) (M, 267). 	The aqueous sodium hydroxide layer was 
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acidified with aqueous dilute., hydrochloric acid and extracted 
with chloroform to give phenylacetic acid (0.16 g), m.p. 
66-9° , identical (m.p. and i.r. spectrum) with an authentic 
sample. Nothing further was isolated on working up the aqueous 
mother liquors. 
The Attempted Reaction of 3-Amino-2-nitropyridine (544) 
with Toluene-p--sulphonyl Chloride 
A stirred suspension of the amine (544),(1.4 g, 0.01 mol) in 
pyridine (2.5 ml) was treated with toluene-p-sulphonyl 
chloride (1.9 g, 0.01 mol) and a vigorous reaction set in. 
When this had subsided the mixture was heated at 1000  for 
4 h before being poured onto ice (70.0 g) and stirred at 
room temperature for 17 h. 	The mixture was filtered to give 
a solid which was combined with a second crop obtained by 
extracting the aqueous filtrate with chloroform, to give 
unchanged starting material (544),(89%), m.p. 1956, 
identical (m.p. and i.r. spectrum) with an authentic sample. 
The Attempted Reaction of 3-Ethoxycarbonylamino-2-4itropyridine 
(557) with Cyanoacetyl Chloride 
(a) A solution of cyanoacetic acid (0.7 g, 0.006 mol) in dry 
ether (4.0 ml) was treated with phosphorus pentachioride 
(1.25 g) and the mixture was stirred at room temperature,with 
exclusion of atmospheric moisture, for 15 mm. 	The ether 
and excess of phospho.ryl chloride were removed under reduced 
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pressure and the residual oil was dissolved in dry benzene 
(5.0 ml). 	The resulting yellow solution was added to a 
stirred suspension of the sodium salt of the urethane (553), 
(0.005 mol) [prepared by treating a solution of the urethane 
(557), (1.06 g, 0.005 mol) in super-dry ethanol (50.0 ml) with 
a solution of sodium (0.12g,0.005 mol) in super-dry ethanol 
(5.0 ml) and evaporating the resulting solution] in dry benzene 
(30.0 ml) and the mixture was heated under reflux for 30 mm. 
Filtration gave a brown solid (0.75 g) which was washed with 
water (3.0 ml) and combined with a second crop obtained by 
evaporating the benzene filtrate and treating the residue 
with water (2.0 ml), to give unchanged urethane (557), (86%), 
m.p. 80-5 ° , identical (m.p. and i.r. spectrum) with an 
authentic sample. 	Nothing further was isolated on working 
up the aqueous mother liquor. 
(b) A solution of tie urethane (557),(1.06 g, 0.005 mol) in 
dry dimethylformamide (9.0 ml) was added to a vigorously 
stirred suspension of sodium hydride (0.14 g, 0.0055 mol) in 
dry dimethylforrnamide (2.0 ml) and the dark red turbid 
mixture was stirred at room temperature for 15 mm. A 
solution of cyanoacetyl chloride (0.006 mol), in dry dimethyl-
formamide (5.0 ml) [prepared as in (a)] was added and the 
mixture was stirred at room temperature for 17 h. 	The 
solution was treated with water (50.0 ml) to give unchanged 
starting material (557), (64), m.p. 75-80 ° , identical 
(m.p. and i.r. spectrum) with an authentic sample. 	The 	aqueous 
mother liquor was extracted with methylene chloride to give a 
red gum (0.30 g) which was shown by t.1.c. in ether over 
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silica to be a rnulticomponent mixture containing unreacted 
urethane (557) . 	The acidic aqueous mother liquor was. 
neutralised with sodium hydrogen carbonate and glacial acetic acid 
and extracted with methylene chloride to give a red oil 
(0.40 g) which was shown by t.l.c. in ether over silica to 
be a multicomponent mixture containing unchanged urethane (557). 
The Reaction of 3-Ethoxycarbonylamino-2-nitropyridine 
(557) with Phenylacetyl Chloride 
(a) A solution of the urethane (557),(l.06 g, 0.005 mol) 
IlL dry dimethylformamide (5.0 ml) was added to a vigorously 
stirred suspension of sodium hydride (0.14 g, 0.0055 mol) in 
dry dimethylformamide (2.0 ml) and the mixture was stirred at 
room temperature for 15 mm. 	Phenylacetyl chloride (0.78 g, 
0.005 mol) was then added and stirring was continued for 17 h. 
The mixture was treated with water (50.0 ml) extracted with 
methylene chloride, and the extract washed with saturated 
aqueous sodium hydrogen carbonate solution and evaporated 
to give an orange oil (0.98 g) which was distilled at 70° 
and 0.2 mm Hg to afford unchanged starting material (557), 
(28%), m.p. 70° , identical (m.p. and i.r. spectrum) with an 
authentic sample. 	The involatile residual gum (0.40 g) 
was triturated with toluene-light petroleum (b.p. 80-100 ° ) 
to yield 3- (j-pheny1acetyl) ethoxycarbonylamino-2-nitropyridine 
(560), (0.19 g, 12%) as colourless plates, m.p. 74-6 ° (from 
light petroleum-toluene), Vmax 1760 and 1710 (CO), and 1510 
and 1350 (NO 2 ) cm. 
Found: C, 58.2; H, 4.6; N, 12.6%; 	Z4, 329.. 
l615325 _requires: C, 58.4; H, •4.6; N, 12.8%; M, 329. - 
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The toluene-light petroleum mother liquor was evaporated 
to give a gum (0.17 g) which was shown by t.l.c. in ether over 
silica to be a close-running four component mixture. 
(b) A solution of the urethane (557), (1.06 g, 0.005 mol) 
in dry benzene (20.0 ml) was added to a vigorously stirred 
suspension of sodium hydride (0.14 g, 0.0055 mol) in dry 
benzene (2.0 ml) and the mixture was stirred at room temperature 
for 15 mm. 	Phenylacetyl chloride (0.78 g, 0.005 mol) was 
added and stirring was continued for 10 min-prior-to the mixture 
being heated under ref lux for 3 h. 	Filtration gave a colourless 
siid (0.28 g) which was dissolved in water (2.0 ml) and 
extracted with methylene chloride to give a negligible amount 
of a brown gum. The benzene filtrate was evaporatedto give 
a brown oil (1.7 g). 	This was triturated with toluene-light 
petroleum (b.p. 80-100° ) to give a solid which was combined 
with a second crop obtained by evaporating the trituration 
mother liquor and distilling the resultant oil at 70° and 
0.2 mm Hg, to give unchanged starting material (557), (98%), 
m.p. 73° , identical (m.p. and i.r. spectrum) with an authentic 
sample. 
2-Hvdroxvamino-3-nitropvridine (563) 
The commercially available 2-chloro-3-nitropyridine (568), 
(0.62 g, 0.004 rnol) was dissolved in a iN methanolic solution 
of hydroxylamine (8.0 ml) (prepared as described in chapter 4) 
and the solution was heated under ref lux for 6 h. 	The mixture 
was filtered to give a solid which wascombined with a second 
crop obtained by evaporating the methanol filtrate and treating 
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the residue with water (5.0 ml), to yield 2-hydroxyamino-3-
nitropyridine (563),(0.44 g, 71%) which formed orange needles, 
m.p. 135-7° (from toluene), 'max  3285 and 3160 (NH), and 1550 
and 1340 (No 2) cm-1 . 
Found: C, 38.8; 	H, 3.2; N, 26.1%; M, 155. 
C5H5N303 requires: C, 38.7; H, 3.2; N, 27.1%; M, 155. 
Found: M, 155.032638 (error < 3 p.p.m.).. 
C 5H5N 30 3 requires: M, 155.033087. 
The aqueous mother liquor was extracted with chloroform 
to give unchanged 2-chloro-3-nitropyridine (568), (8%), m.p. 
1CO-20 , identical (m.p. and i.r. spectrum) with an authentic 
sample. 
The Reaction of 2-Hydroxyamino--3-ruitropyridine (563) with 
Acetic Anhydride 
The hydroxyaniine (53), (0.31 g, 0.002 mol) was heated in 
acetic anhydride (1.8 ml) at 1000  (steam bath) for 10 min,to 
give a solution which was left at room temperature for 20 mm. 
The mixture was evaporated and the residue was triturated with 
ethyl acetate to give a solid which was combined with a 
second crop obtained by evaporating the ethyl acetate mother 
liquor, to give the diacetyl derivative (569),(0.26 g, 54%) 
which formed pale fawn plates, m.p. 93_50 (from toluene), 
V 	1785 and 1693 (CO), and 1510 and 1350 (NO ) cm-1., max 	 2 
cS[(CD 3 ) 2 SO] 2.18(3H,s,Me), 2.36(3H,s,Me),7.63 (1H, dd, 
8 Hz.-J45 4 Hz, H-5),8.49 (1H, dd, J46 lHz,J56 8 Hz, H-6), 
and 8.72 (1H, dd, J 4 	4 Hz, J 4,6  1 Hz, H-4) 
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Found: C, 44.6; 	H, 3.6; 	N, 17.7%; 	M, 239. 
c 9H 9N 30 5 requires: C, 45.2; H, 3.8; N, 17.6%; M, 239. 
The Attempted Reaction of 2-Hydroxyamino-3-nitrOpYridifle (56 3) 
with Ethyl Acetoacetate 
A solution of the hydroxyamine (563), (0.25 g, 0.0016 mol) in 
dry toluene (35.0 ml) was heated under ref lux with ethyl 
acetoacetate (0.26 g, 0.002 mol) and toluene-2-sulphoniC acid 
(0.05 g), with removal of water, for 22 h. 	The mixture was 
filtered to give a dark intractable solid (0.23 g), m.p.> 300 ° , 
1675 br (CO) cm 1 . 	The toluene filtrate was evaporated 
to give a gummy solid which was rubbed with ethyl acetate to 
Yield unchanged starting material (563), (28%), m.p. 130-5° , 
identical (m.p. and i.r. spectrum) with an authentic sample.. 
The Attempted Reaction of 2-Benzylamino-3-nitrOpyridifle (574) 
with Cyanoacetyl Chloride 
A stirred solution of cyanoacetic acid (1.63g, 0.019 mol) in 
dry ether (13.5 ml) was treated with phosphorus pentachioride 
(3.82 g) in one portion,and the resulting solution was stirred 
at room temperature for 15 min with exclusion of atmospheric 
moisture. The - mixture was evaporated at room temperature under 
high vacuum, to give a, yellow oil which was immediately 
dissolved in dry benzene (34.0 ml) and the solution mixed 
with a solution of the amine (574),(3.9 g, 0.017 mol) in dry 
benzene (30.0 ml).. 	The resulting mixture was heated under 
reflux for 2 h and then filtered to give a solid (0.6 g) which 
was dissolved in water (7.0 ml) and neutralised with solid 
sodium acetate. 	The solid obtained was combined with a 
second crop isolated by evaporating the benzene filtrate, 
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dissolving the residual oil in chloroform, and washing with 
saturated aqueous sodium hydrogen carbonate solution, to give 
unchanged amine (574), (81%), m.p. 70-5 ° , identical (m.p. and 
i.r. spectrum) with an authentic sample. 
The Reaction of 3-Ethoxycarbonylamino-2-nitropyridine (557) 
with Phenacyl Bromide 
A solution of the urethane (557), (1.06 g, 0.005 mol) in dry 
dimethylformamide (9.0 ml) was added to a vigorously stirred 
suspension of sodium hydride (0.14 g, 0.0055 mol) in dry 
d.iae.thy1formamide (2.0 ml) and the mixture was stirred at 
room temperature for 15 mm. 	Phenacyl bromide (1.0 g, 
0.005 mol) was then added and stirring was continued at 
room temperature for 17.h. 	The mixture was treated with 
water (50.0 ml) and extracted with methylene chloride to give 
a dark gum (1.44 g) which was triturated with ethanol to 
afford 2-nitro-3-- (-phenacy1) ethoxycarbonylamincpyridine (580), 
(0.93 g, 57%) which formed colourless rhonths, m.p. 118-9 ° 
[from light petroleum (b.p. 80-1000 )-toluene], 'umax  1710 and 
1692 (CO), and 1545 and 1310 (NO 2 ) cm', 6[(CD 3 ) 2S0] 1.01 
(3H, t, Me), 3.97 (2H, q, CH 2 ), 5.26 (2H, s, CH 2 ), 7.30-8.15 
(7H, m, C 6 H 5 
 and 2ArH), and 8.40 (lH, dd, J 4 	4 Hz, 	,6 
1 Hz, H-4). 
Found: C, 58.2; H, 4.5; N, 12.8%; M+,  329 
16!l5325 _requires: C, 58.4; H, 4.6; N, 12.8%; M, 329. 
The ethanol mother liquor was evaporated to give a 
black oil (0.50 g) which was chromatographed over silica. 
-170-- 
Elution with 50% v/v toluene-light petroleum (b.p. 80_10 0) 
followed by 40% v/v methylene chloride-toluene gave negligible 
amounts of gums. 	Final elution with 5% v/v ethyl acetate- 
methylene chloride gave unchanged urethane (557), (19%), M.P. 
740, identical (M.P. and i.r. spectrum) with an authentic sample. 
The Attempted Reaction of 3-(-Phenacyl)ethoxycarbonylamiflO-
2-nitropyridine (580) with Sodium Borohydride/Palladiurn-on-
charcoal 	 - 
A suspension of 10% palladium-on-charcoal (0.04 g) in water 
(4.0 ml) was added to a solution of sodium borohydride 
(0.15 g, 0.004 mol) in 2% w/v aqueous sodium hydroxide 
(2.0 ml), diluted with dioxan (8.0 ml). 	The resulting 
mixture was treated dropwise with stirring with a solution 
of the N-phenacyl 2-nitropyridine (580),(0.66 g, 0.002 mol) 
in dioxan (16.0 ml) over 15 min under nitrogen then stirred 
for a further 15 mm. 	The mixture was filtered, just 
acidified with concentrated hydrochloric acid, neutralised 
with solid sodium acetate and extracted with metiy1ene 
chloride to give a red gum (0.51 g) which was chromatographed 
over silica. 	Elution with 5% v/v ethyl acetate-methylene 
chloride gave a negligible amount of a yellow gum. 	Further 
elution with 30% v/v ethyl acetate-methylene chloride gave a 
solid (0.12 g) which was purified by distillation at 1500 
and 0.1 mm Hg to give colourless needles, M.P. 
57_590, 
 V max 
1695 (CO) cm 1 , 6(CDC1 3 ) 3.67 (5H, rn), 4.76 (1H, dd), and 
7.28 (5H, s, ArH). 
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Found: 	C, 69.5; 	H, 7.2%; 	t4, 138. 
8lO2_requires: C, 69.6; H, 7.2%; M, 138. 
Subsequent elution with ethyl acetate gave a negligible 
amount of a red gum. 	Final elution with 10% v/v ethanol- 
ethyl acetate gave a solid (0.09 g) which formed red needles, 
M.P. 177-180° (from ethyl acetate), vmax  1730 (CO) cm- 1 
Found: 	C, 47.4; 	H, 5.6; N, 20.7%; M, 329. 
The Attempted Catalytic Hydrogenation of 3-(-Phenacy1) 
ethoxycarbonylamino-2-nitropyridine (580) 
A solution of the N-phenacyl-2-nitropyridine (580),(0.33 g, 
0.001 mol) in super-dry ethanol (50.0 ml) was hydrogenated 
over 10% palladium-on-charcoal (0.03g). 	The mixture was 
filtered and evaporated to give an orange gum (0.27 g) which 
was triturated with toluene to give unchanged starting material 
(580), (60%) , M.P. 110-5 ° , identical (M.P. and i.r. spectrum) 
with an authentic sample. 	The toluene mother liquor was 
evaporated to give a dark gum (0.07 g) which was shown by 
t.1.c. in methylene chloride over silica to be an unresolvable 
four component mixture. 
The Catalytic Hydrogenation of 3-(.-Cyanomethy1)ethoxycarbony1-
amino-2-nitropyridine (596) 
A solution of the N-cyanomethyl 2-nitropyridine (596),(0.50 g, 
0.002 mol) in super-dry ethanol (60.0 ml) was hydrogenated over 
10% palladium-on-charcoal (0.04 g). 	Filtration and evaporation 
of the mixture gave a gummy solid which was triturated 
with toluene to give product C, (0.45 g) which formed colourless 
plates, m.p. 132-5° (from toluene),vmax  3320 and 3175 (NH), 
1720 (CO), and 1643 (C=N) cm- 1. 
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Found: C, 51.5; 	H, 4.9; N, 23.0%; 	M, 265. 
lo12423_requires: C, 50.8; H, 5.1; N,.23.7%; M, 236. 
The toluene mother liquor was evaporated to give a yellow 
gum (0.04 g) which was shown byt.l.c. in ether over silica 
to be an unresolvable three component mixture. 
Repetition of the catalytic reduction of (596) afforded 
only unchanged starting material. 
The Attempted Reaction of Product Q with Acetic Anhydride 
Solid C (0.16 g) was warmed in a free flame with acetic 
anhydride (1.2 ml ) until all of the solid had dissolved and 
then immediately cooled with water. 	The solution was treated. 
with ether to give unchanged product c, (31%), m.p. 120-5° , 
identical (m.p. and i.r. spectrum) with an authentic sample. 
The ether mother liquor was evaporated and the residue was 
treated with water (1.0 ml) and extracted with methylene 
chloride to give a brown gum (0.04 g) which was.shown by 
t.l.c. in ether over silica to be an unresolvable three 
component mixture. 
The Attempted Reduction of Product g. using Sodium Dithionite 
A solution of product C (0.24 g) in 70% v/v aqueous ethanol 
(10.0 ml) was heated under reflux for 1 h with sodium 
dithionite (0.48 g) (added in two portions, the second after 
30 min). 	The mixture was hot-filtered to remove some 
insoluble material, evaporated and the residue was treated with 
water (2.0 ml) and extracted with methylene chloride to give 
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a yellow gum (0.13 g). 	This was triturated with toluene-ether 
to give unchanged product C, (33%), m.p. 125-30 ° , identical 
(m.p. and jr. spectrum) with an authentic sample. 	The 
toluene-ether mother liquor was evaporated to give a yellow 
gum (0.03 g) which was shown by t.l.c. in ether over silica to 
be a close-running two component mixture. 
The Reaction of 3- (j-Cyanomethyl) ethoxycarbonylamino-2-nitro-
pyridine (596) with Sodium Borohydride 
A suspension of 10% palladium-on-charcoal (0.16 g) in water 
(15.0 ml) was added to a solution of sodium borohydride 
(0.64 g, 0.016mol) in 2% w/v aqueous sodium hydroxide 
(8.0 ml), diluted with dioxan (34.0 ml). 	The mixture was 
stirred under nitrogen and treated dropwise over 15 min with 
a solution of the N-cyanomethyl 2-nitropyridine (596), 
(2.1 g, 0.008 mol) in dioxan (34.0 ml). 	The mixture was then 
stirred under nitrogen for 15 min before being filtered, just 
acidified with concentrated hydrochloric acid and neutralised 
with sodium acetate. 	Extraction with methylene chloride. 
gave a brown gum (0.33 g) which was chromatographed over 
silica. 	Elution with 10% v/v ethyl acetate-methylene chloride 
followed by 50% v/v ethyl acetate-methylene chloride gave 
negligible amounts of gums. 	Final elution with 20% v/v 
ethanol-ethyl acetate gave a brown gum (0.11g) which was 
shown by t.l.c. in ethyl acetate over silica to be an unresolvable 
four component mixture.. 
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During the methylene chloride extraction, precipitation 
occurred to afford 3-amino-1, 2-dihydro-l-ethoxycarbonylPyridO -
(2,3-ki pyrazine 4-oxide (583), (0.87 g, 46%) which formed 
light buff plates, m.p. 149-152
0  (by precipitation from ethanol 
with ethyl acetate), vmax 3340 br and 3260 (NH), and 1678 (CO) 
cm 	1.20 (3H, t, Me), 4.16 (2H, q, CH 2 ) , 4.79 
(2H, s, Cu 2 ), 7.14 (lH, dd, J 67 6Hz,J78 6Hz, H-7),and 
7.77-8.07 (2H, in, H-6 and H-8). 	The solid gave a cherry-red 
colour when dissolved in a solution of iron (III) chloride in 
ethanol. 
Found: C, 46.8; H, 4.9; N, 21.1%; M, 265. 
requires:C  10 H 
12E403_________ C, 50.8; H, 5.1; N, 23.7%; M, 236. 
The Reaction of 3-Amino-1 , 2-dihydro-1-ethoxycarbonylpyrido-
[2,3-]pyrazine 4-Oxide (583) with Hydrochloric Acid 
A solution of the N-oxide (583), (0.24 g, 0.001 mol) in ethanol 
(5.0 ml) was treated with aqueous dilute hydrochloric acid 
(1.2 ml) and the solution was heated under ref lux for 1 h. 
The solution was concentrated to remove the ethanol, 
neutralised with aqueous dilute sodium hydroxide, and extracted 
with methylene chloride to give an orange gum (0.07 g) which 
was triturated with ethyl acetate to afford 1-ethoxycarbonyl-
4-hydroxy-3-oxo-1,2,3,4-tetrahYdrOPYridO[2 ,3-]pyrazine (585), 
(0.06'g, 25%) as colourless plates, rn.p. 165-8 ° (from ethyl 
acetate), V ax26_2l00  (OH) and .1710 (CO) cm 1 , 6[(CD 3 ) 2 Sol 
1.24 (3H, t, Me), 4.20(2H, q, CH 2 ), 4.50 (2H, s, CH 2 ), 7.16 
(1H, dd, J67 8Hz.,J78 4Hz, H-7), 7.60 (1H, dd, J 67  8Hz,J68 
1Hz, H-6) , and 8.18 (1H, dd, 618  lHz,J7 8 4Hz, H-8) 
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Found: C, 50.4; H, 4.5; N, 17.4%; M, 237. 
1o!1134_requires: C, 50.6; H, 4.6; N, 17.7%; M, 237. 
The ethyl acetate filtrate was evaporated to give a 
negligible amount of a brown gum. The neutral aqueous mother 
liquor was evaporated to give a residue which was treated with 
boiling super-dry ethanol to'yield a small amount (0.04 g) of 
an unidentified gum. 
The Attempted Reaction of 1-Ethoxycarbonyl-4-hydroXy--3-oXo-
1,2,3,4_tetrahydropyridO[ 2 ,3 -k]PYrazine (585) with Sodium 
Dithionite 
A solution of the hydroxamic acid (585), (0.20 g, 0.0008 mol) 
in 70% v/v aqueous ethanol (7.0 ml) was heated under ref.lux for 
1 h with sodium dithionite (0.40 g) (added in two portions, 
the second after 30 mm). 	The mixture was hot-filtered to 
remove some insoluble material, evaporated and the residue 
treated with water (1.0 ml) to yield unchanged starting 
material (585) , (90%) , M.P. 160-5 ° , identical (M.P. and 
i.r. spectrum) with an authentic sample. 
The Reaction of l-Ethoxycarbonyl-4-hydrOXy-3-oXO1,2, 3,  4-tetra-
hydropyrido[2 , 3- ]pyrazine (585) with Acetic Anhydride 
The hydroxamic acid (585),(0.20 g, 0.0008 rnol) was heated in 
acetic anhydride (0.2 ml) at 100° (steam bath) for 15 mm, 
and the resulting solution was allowed to cool to room 
temperature during 10 mm. 	Treatment of the mixture with 
ether (1.0 ml) gave a solid (0.18 g) which formed colourless 
needles, m.p. 160-3° (from toluene-light petroleum) ,v 	1810,max 
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1726 and 1710 (CO) cm- 
1,  ó[(CD3 ) 2Sol 1.26 (6H, dt, 2Me), 2.37 
(3H, s, Me) , 4.06-4.31 (4H, m, 2CH 2 ) , 4.32 (2H, s, CH 2 ) , 
4.65 (2H, d, CH2 ), 7.05 (1H, dd, ArH), 7.23 (1H, dd, ArH), 
and 7.92-8.18 (4H, in, ArH). 
Found: C, 53.7; H, 4.8; N, 17.9%; M+,  279. 
12.13!325 
_requires: C, 51.6; H, 4.7; N, 15.1%; M, 279. 
The Attempted Catalytic Hydrogenation of the Product Obtained 
by Acetylating the Hydroxamic Acid (585) 
.A solution of the acetylation product (0.10 g) in super-dry 
ethanol (25.0 ml) was hydrogenated over 10% palladium-on-
charcoal (0.02 g). 	The mixture was filtered and evaporated 
to give unchanged starting material (70%), m.p. 150-5 ° , 
identical (m.p. and i.r. spectrum) with an authentic sample. 
The Reaction of 3-Ethoxycarbonylamino-2--nitropyridine (557) 
with Ethyl Chioroacetate 
A solution of the urethane (557), (1.06 g, 0.005 mol) in dry 
dimethylformamide (9.0 ml) was added to a vigorously stirred 
suspension of sodium hydride (0.14 g, 0.0055 mol) in dry 
dimethyl formamide (2.0 ml) and the mixture was stirred at 
room temperature for 15 mm. 	Ethyl chloroacetate (0.61 g, 
0.005 mol) was added and stirring was continued at •room 
temperature for 17 h. 	Water (50.0 ml) was added and the 
mixture was extracted with methylene chloride to give a 
dark gum (1.2 g) which was chromatographed over silica. 
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Elution with 5% v/v ethyl acetate-methylene chloride gave 
3- (-ethoxycarbQny1methyl) ethoxycarbonylamiflO_2_flitroPyr1dlne 
(587), (0.93 g, 63%) as a pale yellow gum which was purified 
- 	0 	- 	 - 	- 	- 
by distillation at i90 and 0.2 mm Hg, Vmax 1740 br and 
1720 (CO) cm- 
1, 
 5(CDC1 3 ) 1.0-1.42 (6H, m, Me), 3.96-4.40 
(6H, m, CH 2 ), 7.60 (1H, dd, J45 4Hz, J56 8Hz 1 H-5), 8.18 
(1H, dd, J46 1Hz, J56 8Hz, H-6), and 8.45 (1H, dd, J 4. 5 
.4 Hz, J46 1Hz, H-4). 
Found: C, 48.5; H, 5.1; N, 14.3%; M, 297 
l21536_requires: C, 48.5; H, 5.1; N, 14.1%; M, 297. 
Further elution with 50% v/v ethyl acetate-methylene 
chloride and 50% v/v ethanol-ethyl acetate gave negligible 
amounts of red gums.. 
The Reductive Cyclisation of 3_(j_ethoxycarbony1methYl)ethOX 
carbonylarnino-2-nitroPyridine (587) using Sodium Borohydride 
A suspension of 10% palladium-on-charcoal (0.04'g) in water 
(4.0 ml) wasadded carefully to a solution of sodium boro- 
hydride (0.15 g, 0.004 rnol) in 2% w/v aqueous sodium hydroxide 
solution (2.0 ml). 	The suspension was diluted with dioxan 
(8.0 ml), stirred under nitrogen and treated dropwise over 
15 min with a solution of the 2--nitropyridine derivative (587), 
(0.60 g, 0.002 mol) in dioxan (10.0 ml). 	After the addition 
was complete the mixture was stirred at room temperature for 
15 mm. 	The mixture was filtered, just acidified with 
concentrated hydrochloric acid, neutralised with solid 
sodium acetate and extracted with methylene chloride to' give 
-178-- 
a gummy red solid (0.37 g) which was triturated with ethyl 
acetate to afford the hydroxamic acid (585), (0.30 g, 63%), 
m.p. 165-9° , identical (m.p. and i.r. spectrum) with an 
authentic sample. 	The ethyl acetate mother liquor was 
evaporated to give a red gum (0.06 g) which was shown by 
t.1.c. in methylene chloride over silica to be a close-
running four component mixture. 
The Reaction of 3-Amino-1, 2-dihydro--l-ethoxycarbonylpyrido 
[ 2 , 3- ]pyrazine 4-Oxide (583) with Sodium Dithionite 
A solution of the N--:oxide (583), (0.24 g, 0.001 mol) in 
70% v/v aqueous ethanol (5.0 ml).was heated under ref lux 
for lh with sodium dithionite (0.48 g) (added in two portions, 
the secondafter 30 mm). 	The mixture was hot-filtered to 
remove insoluble inorganic material, evaporated, and the 
residue was dissolved in water (1.0 ml) and extracted with 
methylene chloride to give a yellow gum (0.11 g) which was 
shown by t.l.c. in ethyl, acetate over silica to be an unresolvable 
four component mixture. 	During the extraction, precipitation 
occurred to give the solid E, (0.05 g) which formed colourless 
needles, m.p. 203-6 ° (from ethanol), Vmax  3200 br (NH), and 
1725 and 1690 (CO) cm', 5[(CD 3 ) 2S0] 1.26 (3H, t, Me), 4.24 
(2H, q, CH 2 ), 5.80 (1H, s, CH), 7.08 (1H, dd, J 617 8Hz,J7,8 
4Hz, H-7), and 7.95-8.09 (2H, m, H-6 and H-8). 
Found: C, 50.2; ,H, 4.6; N, 17.2%; M, 237 
2101111E324 requires: C, 50.6; H, 4.6; N, 17.7%; M, 237. 
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The Reaction of 3-Am 4-.no-1, 2-dihydro-l-ethoxycarbonYlPYrido -
[ 2 , 3-k]pyrazine 4-Oxide (583) with Aqueous Ethanol 
A solution of the N-oxide (583), (0.12 g, 0.0005 mol) in 70% 
V/V aqueous ethanol (5.0 ml) was heated under ref lux for lh. 
The solution was evaporated and the residue was triturated 
with ethyl acetate to give the solid E, (0.09 g, 79%), m.p. 
194-9° , identical (m.p. and i.r. spectrum) with an authentic 
sample. 
The Attempted Reaction of 3-Amino-1,2-dihydro-1-ethoxycarbOnYl -
py:i:ido[2,3-]pyrazine 4-Oxide (583) with Acetic Anhydride 
The N-oxide (583)/(0..12 g, 0.0005 mol) was warmed in acetic 
anhydride (0.3 ml) at 1000 (steam bath) until a vigorous 
reaction set in. 	The dark mixture was allowed to cool to 
room temperature during 20 min before being treated with 
water (1.0 ml) and extracted with methylene chloride to 
give .a dark gum (0.08 g),which was shown by t.1.c. in ethyl 
acetate over silica to be an unresolvable four component 
mixture. 	During the extraction the solid E, (0.02 g, 18%), 
M.P. 200-4° , identical (m.p. and i.r. spectrum) with an 
authentic sample, was precipitated. 
The Reaction of 3-Ethoxycarbonylamino-2-flitroPYridifle (557) 
with Chioroacetonitrile 
(a) Potassium carbonate (1.1 g) was added to a solution of the 
urethane (557),(1.06 g, 0.005 mol) in Analar acetone (300 ml), 
and the mixture was heated under reflux and treated dropwise 
over 15 min with a solution of chloroacetoñitrile (0.45 g, 
0.006 mol) in Analar acetone (40.0 ml). 	The resulting 
mixture was heated under ref lux for 6h then hot-filtered to 
remove some insoluble inorganic material. 	Evaporation of 
the acetone filtrate afforded a residue which was treated 
with water (3.0 ml) to give unchanged starting material 
(557),(80%), m.p. 77-80° , identical (m.p. and i.r. spectrum) 
with an authentic sample. 	The aqueous mother liquor was 
extracted with chloroform to give a small amount (0.03 g) of 
a brown gum. 
() A solution of the urethane (557),(4.24 g, 0.02 mol) in dry 
dimethylformamide (20.0 ml) was added to a vigorously stirred 
suspension of sodium hydride (0.55 g, 0.022 mol) in dry 
dimethylformamide (8.0 ml) and the mixture was stirred at 
room temperature for 15 mm. 	Chioroacetonitrile (3.04 g, 
0.04 mol) was then added and stirring was continued at room 
temperature for 17h. 	The solution was treated with water 
(200 ml), and extracted with methylene chloride to give a 
dark oil (5.0 g) which was chromatographed over alumina. 
Elution with 75% v/v toluene-light petroleum 	
0 
(b.p. 80-100 ) 
gave the unchanged urethane (557),(35%), m.p. 73-70 , identical 
(m.p. and i.r. spectrum) with an authentic sample. 	Further 
elution with toluene gave 3-(j-'cyanomethyl)ethoxycarbonyl-
amino-2-nitropyridine (596), (3.0 g, 60%) which formed pale 
yellow needles, m.p. 68-70° [from toluene-light petroleum 
(b.p. 80_1000)]Vmax 2240 (CN), 1720 (CO), and 1540 and 1300 
MO 2)  cm-1 
, 	(CDC1 3 ) 0.80-1.60 (3H, m, Me), 3.90-4.40 (2H, m, 
CH 2 ) , 4.40-5.0 (2H, m, CH 2 ) , 7.74' (1H, dd, J 4 	4Hz, 5,6 4Hz, 
, 
H-5), 8.06 (1H, dd, J45 8Hz, J46 1Hz, H-4), and 8.58 
(lH, dd, J56 4Hz, J 	 1Hz H-6).4,6 
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Found: C, 47.8; H, 4.0; N, 22.4%; M, 250. 
101o424_requires: C, 48.0; H, 4.0; N, 22.4%; M, 250. 
Final elution with ethanol gave 3-(j7carbainoy1methy1)eth0xY 
carbonylamino-2-nitropyridifle (598), (0.28 g, 5%) as pale orange 
needles, m.p. 136-8 ° (from toluene), Vmax 3420, 3 .315 and 3185 
(NH), and 1708 and 1674 (CO) cm'. 
Found: C, 44.5; H, 4.3; N, 21.5%; M, 268. 
1Ol2425_requires: C, 44.8; H, 4.5; N, 20.9%; M, 268. 
The ipctinn of _Ethoxycarbofly1amino_2 itroPyridine (557) 
with Benzyl Chloride 
(a) A ref luxing mixture of the urethane (557),(0.63 g, 0.003 mol) 
and potassium carbonate (0.66 g) in Analar acetone (90.0 ml) 
was treated over 15 min with a solution of benzyl chloride 
(0.38 g, 0.0036 mol) in Analar acetone (25.0 ml) and the 
mixture was heated under ref lux for 6h. 	Hot-filtration to 
remove some insoluble inorganic material followed by evaporation 
gave a residue. 	This was treated with water (3.0 ml) to give 
a solid which was combined with a second crop obtained by 
extracting the aqueous mother liquor with methylene chloride 
and filtering the oily solid obtained, to give unchanged 
urethane (557), (68%), m.p. 737, identical (m.p. and i.r. 
spectrum) with an authentic sample. 	The oily filtrate 
(0.20 g) was shown by t.1.c. in ether over silica to be a 
three component mixture containing unchanged urethane (557). 
(b) A solution of the urethane (557),(1.06 g, 0.005 mol) 
in dry dimethylformamide (5.0 ml) was added to a vigorously 
stirred suspension of sodium hydride (0.14 g, 0.0055 mol) 
-10 - 
in dry dimethylformamide (2.0 ml) and the mixture was stirred 
at room temperature for 15 mm. 	Benzyl.chloride (2.53 g, 
0.02 mol) was then added and stirring was continued at room 
temperature for 17 h. 	Water (50.0 ml) was added and the 
mixture was extracted with methylene chloride to give a 
brown oil (1.8 g) which was triturated with toluene to give 
1-benzyl -- 2 -phenylimidazo[4,5 -)2]pyridine 3-oxide (599), (0.13 g, 
9%) which formed colourless plates, m.p. 156-9 ° [from light 
petroleum (b.p. 80-1000)], Vmax 1710 (CO) cm 1 , (CDC1 3 ). 
5.30 (2H, S, CH2) , 7.19 (5H, s, C 6H 5 ) , 7.12-7.52 (5H, m, 
cH ) , 7.96-8.18 (2H, m, H-6, H-7), and 8.44 (1H, dd, J 5 
6 5 , 
4Hz J57 1Hz, H-5) 
Found: C, 75.6; H, 4.9; N, 13.6%; M+,  301. 
19153 requires: C, 75.8; H, 5.0; N, 13.9%; M, 301. 
The toluene mother liquor was evaporated and the residual 
oil was distilled at,75
0  and 0.2 mm Hg to give a yellow oil 
(0.44 g), Vmax  1730 (CO) cm. 1 , 	(CDC1 3 ) 1.0-1.40 (3H, br t, Ms), 
3.96-4.30 (2H, br q, CH 2 ), 4.66-5.0 (2H, m, CU 2), 5.13-5.40 
(1H, m, ArH), 7.27 (5H, s, C 6H5 ), 7.0-7.62 (5H, m, C 6H 5 ), 
and 8.33 (lH, t, ArH). 
Found: C, 64.7; H, 5.5; N, 11.6%; M, 362. 
2192o324_requires: C, 64.4; H, 5.6; N, 11.9%; M, 354. 
The non-volatile residue (0.92 g) from the distillation was 
chromatographed over silica. 	Elution with 50% v/v toluene- 
light petroleum (b.p. 80-100° ) and 75% v/v toluene-light 
petroleum (b.p. 80-100° ) afforded negligible amounts of gums. 
Final elution with 75% v/v methylene chloride-toluene gave 
an orange gum (0.81 g) whose i.r. spectrum was the same as 
that of the yellow oil isolated before. 
-183- 
The Attempted Base-catalysed Cyclisation of 3-(j.--Cyanomethyl) 
ethoxycarbonylamino-2-nitrojpvridine (596) 
A solution of the 2-nitropyridine derivative (596), 
(0.25 g, 0.001 mol) in boiling methanol (10.0 ml) was treated 
dropwise over 10 min with a solution of sodium carbonate 
(0.53 g, 0.005 mol) in water (6.0 ml) and the resulting 
mixture was heated under reflux for 90 mm. The mixture 
was filtered to remove some insoluble inorganic material, 
evaporated, and the residue treated with water (5.0 ml) 
to give unchanged starting material (596), (16%), M.P. 
63-70° , identical (M.P. and i.r. spectrum) with an authentic 
sample. Extraction of the aqueous mother liquor with 
methylene chloride, before or after neutralisation gave 
negligible amounts of gums. 
A solution of the 2-nitropyridine derivative (596), 
(0.50 g, 0.002 mol) in super-dry ethanol (10.0 ml) was 
treated with a solution of sodium (0.18 g) in super-dry 
ethanol (5.0 ml) and the resulting solution was heated 
under reflux for 1 h. 	The mixture was filtered to give 
a solid (0.27 g), m.p. > 300° , which was dissolved in 
aqueous dilute hydrochloric acid (2.0 ml), and the solution 
neutralised with solid sodium acetate and evaporated. The 
residue so obtained was treated with boiling super-dry 
ethanol to give an orange gum (0.15 g) which was shown, 
by t.l.c. in methanol over silica to be an unresolvable 
four component mixture. 
-184- 
The ethanol filtrate was evaporated and the residue was 
treated with water (2.0 ml) to give the unchanged starting 
material (596),(6%), m.p. 65-8° , identical (m.p. and i.r. 
spectrum) with an authentic sample. 	The aqueous mother 
liquor was extracted with methylene chloride to give a red 
gum (0.04 g) which was shown by t.1. c. in ether over silica 
to be a close-running three component mixture. 	No material 
was isolated on further work up of the aqueous mother liquor. 
A solution of the 2-nitropyridine derivative 
(596), (0.50 g, 0.002 mol) in super-dry ethanol (10.0 ml) 
was treated with triethylamine (0.81 g, 0.008 mol) and the 
resulting mixture was heated under reflux for 1 h. 	The 
solution was evaporated to give unchanged starting material 
(596), (quantitative),m.p. 72-4 ° , identical (m.p. and i.r. 
spectrum) with an authentic sample. 
A solution of the 2-nitropyridine derivative (596), 
(0.50 g, 0.002 mol) in super-dry ethanol (10.0 ml) was 
treated with piperidine (0.19 g, 0.002 mo!) and the resulting 
solution was heated under reflux for 1 h. 	The solution 	was 
cooled and scratched to afford a solid which was combined 
with a second crop obtained by evaporating the ethanol mother 
liquor and triturating the residue with toluene-light 
petroleum (b.p. 80-100° ) to give unchanged starting material 
(596), 	
0 identical (m.p. and i.r. spectrum) 
with an authentic sample. 	The toluene-light petroleum 
-185- 
(b.p. 801000 ) filtrate was evaporated to give a brown gum 
(0.09 g) which was shown by t.l.c. in ether over silica to 
be an unresolvable three component mixture containing 
unchanged starting material. 
The Cyclisation of 3- (-Phenacy1) ethoxycarbonylaifliflO-2 -
nitropyridine (580) using Sodium Carbonate 
A solution of the urethane (580), (0.33 g, 0.001 mol) in 
boiling methanol (10.0 ml) was treated over 10 mm 'with a 
solution of sodium carbonate (0.53 g, 0.005 mol) in water 
(.0 ml). 	The resulting mixture was heated under ref lux for 
90 min and then filtered to remove. insoluble inorganic material. 
Evaporation of the filtrate gave a residue which was treated 
with water (6.0 ml) to afford 2 -benzoylimidazo[ 4 , 5-k]pyridifle 
3-oxide (603), (0.08 g, 33%) which formed pale fawn needles, 
M.P. 237-40° (from ethyl acetate), umax 1723 (CO) cm- 1 
Found: C, 66.8; H, 3.9; N, 17.8%; M, 223. 
l39322 _requires: C, 65.3; H, 3.8; N, 17.6%; M, 239. 
The aqueous mother liquor was extracted with methylene 
chloride to give 3-amino-2-nitropyridine (544) , (0.03 g, 21%), 
M.P. 193-5° , identical (M.P. and i.r. spectrum) with an 
authentic sample. 	The alkaline aqueous layer was neutralised 
with acetic acid to give 2-be4zoyl-3-hydroxyimidazo[4,57h] 
pyridine (604), (0.03 g, 12%) which formed colourless needles, 
M.P. 193-6° (from ethyl acetate), 'vmax 2700-2100 br (OH), 
and 1676 (CO) cm 1 , t4, 239,223, C 13H 9N302 requires M, 239. 
The Cyclisation of 3- (N-Phenacyl) ethoxycarbonylamino-2-
nitropyridine (580) using Ethano1ic Sodium Ethoxide 
A solution of the urethane (580),(0.33 g, 0.001 mol) in super-
dry ethanol (40.0 ml) was added to a stirred solution of 
sodium (0.09 g, 0.004 mol) in super-dry ethanol (15.0 ml) 
and the resulting red solution was stirred at room temperature 
for 3 h. 	The solution was evaporated, and the residue 
was dissolved in water (5.0 ml) and extracted with methylene 
chloride to give a red gum (0.13 g) which was shown by t.1.c. 
in methylene chloride over silica to be a multicomponent 
mixture. 	The alkaline aqueous layer was neutralised with 
aqueous dilute hydrochloric acid to give the N-oxide (603), 
(0.03 g, 12%), m.p. 230-2 ° , identical (m.p. and i.r. spectrum) 
with an authentic sample. 
The Attempted Reaction of.3-Amino-2-nitroyridine (544) with 
Paraforrnaldehyde and Sodium Cyanide 
A solution of the amine (544),(3.5 g, 0.002 mol) in qiacial 
acetic acid (63.0 ml) was treated with paraformaldehyde (2.3 g, 
0.075 mol), sodium cyanide (3.7 g, 0.075 mol) and powdered 
anhydrous zinc chloride (26.3 g, 0.19 mol) and the mixture was 
stirred at 500  for 1 h with exclusion of atmospheric moisture. 
Water (88.0 ml) was added and the mixture was stirred in an 
ice-bath for 30 mm. 	The mixture was filtered to remove 
inorganic material and the aqueous filtrate was extracted 
with methylene chloride and the extract was washed with 
saturated aqueous sodium hydrogen carbonate solution and 
evaporated to give a solid, which was combined with a second 
crop obtained by neutralising the aqueous layer with solid 
sodium hydrogen carbonate and extracting with methylene chloride, 
to give unchanged amine (5 42'4'), (56%), M.P.189-191° ) 	 , identical 
(M.P. and i.r. spectrum) with an authentic sample. 	No 
material was isolated on further work-up of the aqueous layer. 
The Attempted Reductive Cyclisation of 3-EthoxycarbonylaminO-
2-nitro2yridine (557) 
A solution of the urethane (557), (1.06 g, 0.005 rnol) 
in tetrahydrofuran (40.0 ml) was treated with a solution of 
ammonium chloride (1.87 g, 0.035 mol) in water (90.0 ml) 
to give a homogeneous mixture. 	This was cooled to 00 
(ice-salt bath) and treated in small portions with stirring 
at 00 with powdered zinc (0.68g, 0.01 mol). 	The mixture was 
stirred at 0 for a total of 2 h, then filtered and the 
insoluble residue washed with ethyl acetate and water. 
The combined filtrate and washings were extracted with ethyl 
acetate to give unchanged starting material (557), (94%), 
m.p. 71° , identical (M.P. and i.r. spectrum) with an authentic 
sample. 
A stirred suspension of sodium borohydride 
(0.76 g, 0.02 mol) and 10% palladium-on-charcoal (0.05 g) 
in water (2.5 ml) was treated with a solution of the urethane 
(557), (2.1 g, 0.01 mol) in methanol (30.0 ml) under nitrogen, 
and the resulting mixture was stirred at room temperature under 
nitrogen for 15 mm. The mixture was filtered and evaporated 
anon 
and the residue was treated with water (5.0 ml) to afford the 
azoxy-compound (613),(1.4 g, 14%) which formed russet plates, 
m.p. 151-3° (from benzene) , v max  3420 and 3120 Br (NH), and 
-1 1727 br (CO) cm , 6(CDC1 3 ) 1.28 (611, t, Me), 4.22 (4H, q, CH 2 ), 
7.37 (2H, dd, J45 4Hz, J56 4Hz, 11-5 and H-5').,8.14 (211, dd, 
J45 4Hz, J46 1Hz, H-4 and 11-4'), and 8.80 (211, dcl, J 56 9Hz 1 
J46 1Hz, H-6-and H-6') 
Found: C, 51.1; H, 4.9; N, 22.6%; M+,  329. 
c161865_requires: C, 51.3; H, 4.8; N, 22.5%; M, 374. 
The aqueous mother liquor was extracted with chloroform 
to give an intractable black gum (0.09 g). 
Chapter 4 
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Approaches to the Synthesis of hl,-Oxygenated Polyazaindees 
and Polyazanaphthalenes 
4.1 	Introduction 
The studies described in the present section had as their objective 
the developnnt of synthetic routes to novel N--oxygenated ixlyazaindens and 
N--oxygenated poiyazanaphthalenes.which canbe regarded as 
'scrambled' aza and deazapurine N-oxides and aza and deaza-
pteridine N-oxides. 	As both N-oxygenated purines and 
pteridines are biologically activ 50 ' 	was hoped that 
these novel N-oxygenated heterocycles would also possess 
some form of biological activity. 
In attempting to synthesise N-oxygenated polyazaindenes 
and polazanaphthalenes three general approaches were employed. 
In the first approach it was proposed to utilise condensation 
reactions of ortho-amino-hydroxyarniflo structures (614) with 
acids, orthoesters and ct-dicarbonyl compounds (Scheme 1S2) 
Thus, it was anticipated that structures of the type (614) 
would react with acids to give amides (615) convertible by 
spontaneous cyclodehydration into fused N-hydroxy-1,2,4-
triazoles (617). 	Likewise N-amino-hydroxyamines (614) 
might condense with orthoesters to give the intermediates 
(616) which can also cyclise to (617) (Scheme 152) 
a-DicarbOflyl compounds however, would condense with ortho-
aminohydroxyamiflO structures (614) to afford nitrones 
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In the second general approach it was intended to exploit 
condensation reactions of ortho- amino-hydroxyamino systems 
of the type (620), in which the amino group is part of a ring 
(Scheme 154) . 	Such structures might be expected to condense 
with -dicarbonyl compounds and o<-halo ketones to afford 
intermediates (625), (622), and (623) capable of undergoing 
cyclodehydration to fused N-oxygenated structures of the , 
types (627) , (624) , and (626) (Scheme 154) 
The third synthetic approach to be investigated 
involved the cyclisation of ortho-amino-nitroso structures 
(628) with -dicarbony1 compounds or ohoesters to give 
fused N-oxygenated heterocycles of part structure (633) 
and (634) (Scheme 155). 
4.2 	Cyclisation Reactions of 4-Amino-3--hydroxyaminO 
1,2, 4-triazin-5 (4H) -ones 
The preparatiOn of 1,2,4-triazo1o[3,2 - ] -- 1,214-
triazines (636) and (637) by the condensation of 3,4-diamino- 
194 	 195 
1,2,4-triazinones (635) withacids 	and ketones 	are 
well established processes (Scheme 156). 	Likewise 1,2,4- 
triazino-1,2,4-triazinones (638) have been synthesised 
(Scheme 156) by condensation of 3,4-diamino-1,2,4-triazinones 
194 
(635.) with phenacyl bromide. 	It was therefore of interest 
to attempt to exploit condensations of these general types 
using 4-amino-3-hydroxyamino-1, 2, 4-triazinones (640) for the 
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triazinones (641) and (642) and 1-hydroxy-1,2,4triaZiflO-
1,2,4-triazinofleS (643) (Scheme 157). 
The 4_amino_3_hydrOXyamiflO_1,2,4 -triazn-5 ( 4 H) 0r1e 5 
(640a) and (640b) are known compounds 196 having been obtained 
from the 3-thiomethyl triazinones (639a) and (639b) by reaction 
with methanolic hydroxylamine. 	Repetition of these reactions 
afforded the desired 4-amino-3-hydroxyamiflotriaZifloneS 
(640a) and (640b) in high yield. 
It has also been reported 
196 that prolonged heating of 
the hydroxyaminotriaziflOfle (640b) in acetic anhydr 4.de gave 
the oxadiazolotriaziflOfle (645) (Scheme 158) rather than a 
simple acetyl derivative as might have been expected. 
This transformation is thought to occur by initial 
acetylation of the amino group to give the intermediate 
(644) which then cyclises with displacement of the hydroxy-
amino group (Scheme 158) . 	Consequently an attempt was made 
to see if briefer heating with acetic anhydride would result 
in the formation of a simple acetyl derivative. Thus the 
hydroxyaminotriaZiflone (640a) was heated briefly at 1000 
with acetic anhydride to give a good yield of a colourless 
solid whose combustion, analysis indicated it was a diacetyl 
derivative. 	On the other hand the mass spectrum of the 
product contained a parent ion peak at 199 mass units 
which is consistent with it being a monoacetyl derivative. 
However, acetyl derivatives are known to readily lose 
n 
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acetyl groups in. the mass spectrometer probe thus accounting 
for the apparently anomalous mass spectroscopic result. 
The i.r. spectrum of the diacetyl compound showed three 
carbonyl bands consistent with it being any one of four 
possible diacetyl structures (646)-(649) (Scheme 159) but not 
allowing the precise structure to be assigned. 	When the 
triazinone (640a) was subjected to prolonged heating in acetic 
anhydride it gave the oxadiazolotriazinone (650) in moderate 
yield. 	The product (650) gave analytical, mass spectral 
and H n.m.r. data consistent with the assigned structure. 
The success of the cyclisation [(640a) —*(650)} indicates 
that the hydroxyarnino group displacement apparently involved, 
may be general for ortho- amino-hydroxyaminotriazine 
derivatives. 
The ready availability of the 4 -amino-3- hydroxyamino - 
l,2,4-triazin-5(4H)-ones (640 a and b) prompted attempts 
to synthesise the parent system (640c) which is unknown. 
The synthetic approach employed was based on that success-
fully used to prepare the triazinones (640a and b), 
namely, condensation of glyoxylic acid with thiocarbohydrazide 
(651) to give the thiotriazinone (652) , followed by 
S-methylation to afford the thiomethyltriazinone (6•39c), 
convertible by reaction with methanolic hydroxylamine 
into- the N-amino-hydroxyalLlinotriazinone (64Cc) (Scheme 160). In practice 
thiocar1hydrazide: (651) reacted readily with glyoxylic acid in aqueous 
solution to give the thiotriainone (652) in irodêrate yield. This..-product gave 
satisfactory analytical, mass spectral and 
1H n.m.r. data 
and in further accord with the assigned structure its i.r. 
spectrum contained bands at 3300 and 3176 cm due to an 
-1 
amino group and an absorption band at 1653 cm due to a 
-193- 
carbonyl group. 	The attempted synthesis of the thiomethyl- 
triazinone (639c) by heating the thiotriazinone (652) in 
acetone with dimethyl sulphate and anhydrous potassium carbonate 
gave a low yield of a solid F which gave analytical and mass 
spectral data consistent with it being the thiomethyltriazin-
one (639c) . 	However, its 1H n.m.r. spectrum contained a 
peak due to a single methyl group, three peaks each attribut-
able to a ring proton, and two peaks both attributable to two 
NH protons suggesting that the product was in fact a mixture. 
While it is possible that methylation could occur at a number 
of sites in the molecule (652) were this the case the 
n.m.r. spectrum of the solid F would contain more than one 
methyl peak. 	Also it can be shown that the product F is 
not a mixture of the starting thiotriazinone (652) and the 
thiornethyltriazinofle (639c) since none of the peaks in its 
1 H n.m.r. spectrum correspond to those of the thiotriazirone. 
(652). 	In an effort to further elucidate the structure 
of the solid F, the thiotriazinoñe (652) was heated in 
acetone with methyl iodide and potassium carbonate in the 
hope of obtaining a pure sample of the thiomethyltriazinone 
(639c) for comparison. 	However, solid F was again the only 
isolable product, though in a much improved yield. 	Conse- 
quently it was assumed that the solid F was a mixture of 
the desired thiomethyltriazinone (639c) and some other minor 
proc.ucts, and an attempt was made to convert it into the 





























more readily purified. 	However, solid F failed to react 
with methanolic hydroxylamine solution, or with a solution 
of hydroxylamine hydrochloride and sodium acetate in aqueous 
ethanol. 
Having failed to obtain the parent hydroxyaminotriazin-
one (640c) attempts were next made to cyclise the two 
available 6-substituted 4-amino-3-hydroxyaminotriazinoneS 
(640 a and b) to 1-hydroxytriazolotriazinone and l-hydroxy-
triazinotriazinone derivatives. 	Thus the triazinone (640a) 
was heated in triethylorthoformate to give the hoped for 
1-hydroxytriazolotriazinone (653) in excellent yield 
(see Scheme 161). 	This product gave analytical, mass 
1 spectral and H n.m.r. data consistent with the assigned 
structure, while its i.r. spectrum contained a band at 3112 cm 
attributable to a hydroxy group, and a carbonyl band at 
1673 cm -1 . 	In order to firmly establish the structure 
of the l-hydroxytriazolotriazinofle (653) it was reacted 
with acetic anhydride with the object of obtaining the 
N-acetoxy derivative (654) . 	This reaction gave an 
excellent yield of a solid which gave mass spectral data 
consistent with the structure (654) . 	Moreover its i.r. 
spectrum contained a high frequency carbonyl band at 
1821 cm 1 , characteristic of the presence of an N-acetoxy 
group. 	However satisfactory analytical data could not 
be obtained for the product and is 1H n.m.r. spectrum was 
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identical to that of the 1-hydroxytriazolotriazinone (653). 
The apparently anomalous analytical and 'H n.m.r. data can 
be explained by the ready solvolysis of the N-acetoxy 
compound (654) back to the parent N-hydroxy compound (653). 
In a further effort to firmly establish the structure of the 
N-hydroxytriazolotriazinOne (653) an attempt was made to 
reduce it to the parent compound (656) using sodium dithionite. 
However this reaction gave a solid G which gave a mass 
spectrum consistent with the structure (656) but afforded 
analytical data which could not be rationalised. 	In an 
attempt to convert it into a characterisable acetyl derivative 
[i.e. (655)] the solid 	was heated in acetic anhydride. 
In practice this reaction gave a product whose properties 
are in accord with it being the triazolotriazinofle (656). 
Thus it contained an NH band at 3140 cm 
-1  in its i.r. spectrum 
and gave satisfactory analytical and mass spectral data. 
Reduction to the triazolotriazinofle (656) firmly establishes 
the structure of the 1-hydroxytriazolotriaZiflofle (653). 
An attempt was also made to confirm the structure of the 
N-hydroxy compound (653) indirectly by the hydrogenolysis 
of its N-acetoxy derivative (654). 	N-Acetoxy compounds 
of this type are well known to afford the parent ring 
system on catalytic hydrogenation. 	However in the case 
of the N-acetoxy derivative (654) hydrogenation in ethanol 



















the 1-hydroxytriazolotriazinone (653) which resisted 
reduction to the triazolotriazinone (656) (Scheme 162). 
Attention was next turned to extending the scope of 
the N- amino -hydroxyamino- 1,2,4-triazolo-1,2,4-tr 4-az 4.ne 
cyclisation to the synthesis of 2-substituted compounds 
(658) (Scheme 163). 	Hence the triaz.inone(640a) was heated 
with triethyl orthoacetate in the hope of obtaining the 
1-hydroxytriazolotriazinone (658a). 	This reaction gave 
a moderate yield of the nitrone (657a) rather than the 1- 
hydroxytriazolotriazinone (658a). 	The product (657a) 
gave satisfactory analytical and mass spectral data. 
The attempted synthesis of the 1-hydroxytriazolotriazinone 
(658b) by heating the triazinone (640a) with triethyl 
orthopropionate was likewise unsuccessful. 	In this case 
the only isolable product was an unidentified yellow oil 
whose mass spectrum had a parent ion at 297 mass units in 
its mass spectrum and a carbonyl band at 1723 cm-* 1  in its 
i.r. spectrum. 
Having had no success in extending the scope of the 
cyclisation [Scheme 161; (640a) 	)(653)] to the synthesis 
-of 2-substituted 1-hydroxytriazolotriazinones (658) it was 
of interest to see if cyclisation would lead in general 
to 6-substituted derivatives. 	Hence the reaction of the 
triazinone (640b) with triethyl orthoformate was investigated. 
This reaction afforded an excellent yield of a yellow solid 
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desired 1-hydroxytriazolotriazinone (659) (Scheme 164). 
The mass spectrum of the product showed a parent ion of 
213 mass units which is 16 mass units less than that of 
the 1-hydroxytriazolotriazinone (659) demonstrating the 
ready loss of oxygen from this molecule on electron impact. 
Though accurate analytical data could not be obtained 
for the product (659), the figures obtained were closer to 
those expected for the 1-hydroxytriazolotriazinone (659) 
than those anticipated for the parent base (661). 	In 
accord with the structure (659) the i.r. spectrum of the 
-1 1 compound contained a band a 3112 cm due to a hydroxy 
-1 
group and a carbonyl band at 1673 cm . 	With the object 
of firmly establishing the structure of the 1-hydroxy-
triazolotriazinone (659) it was reacted with acetic 
anhydride. to give the N-acetoxy derivative (660) in 
excellent yield. Satisfactory mass spectral and 1H n.m.. 
data were obtained for this product. 	Also its i.r. 
spectrum contained high frequency carbonyl absorption at 
1810 cm- 1 characteristic of an N-acetoxy group. 	An attempt 
was also made to reduce the 1-hydroxytriazolotriazinone 
(659) to the parent triazolotriazinone (661) using dithionite. 
However this reaction gave only the unchanged starting 
material. 
Due to the limited success in synthesising 1-hydroxy-
triazolotriazinones from o-amino-hydroxyaminotriazinones by 
reaction with orthoesters, alternative reagents for this 
type of cyclisation were also investigated. 	Diethyl 
carbonate is similar in structure to an orthoester and 
therefore it seemed likely that it would also react with 
the triazinone (640a) in similar fashion to give the 
MeNNH2 
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1-hydroxytriazolotriazinedione (662) (Scheme 165) . 	However 
only unchanged starting material was isolated when the 
triazinone (640a) was heated with diethyl carbonate. As a 
result of this failure to synthesise the dione (662) an 
alternative approach to its preparation was attempted. 
This involved reacting the triazinone (640a) with ethyl 
chloroforraate to obtain the urethane (663), which might 
then be cyclised to. the dione (662) (Scheme 166). 	Thus 
the triazinone (640a) was heated with ethyl chioroformate 
in the presence of triethylamine to afford an excellent 
yield of a solid H whose analytical and raass spectral data 
were consistent with it being the urethane (663). 	However 
its 1H n.m.r. spectrum contained not only the expected 
ethyl group absorption at 6 1.27 and 4.26 and methyl group 
absorption at 6 2.30, but also a two proton singlet at 6 
1.09, a one proton singlet at 6 3.46 and a two proton singlet 
at 6 5.90. 	It is possible to assign the peak at 6 5.90 to 
two amino group protons by assuming that the ethoxycarbonyl 
group present in the product is in fact sited on the 
hydroxyamino function in one or other of the structures' 
(664) or (665). 	The peak at 6 3.46 can then be assigned 
to an OH or NH proton depending on whether triazinone (664) 
or (665) has been formed. 	Even so, the peak at 6 1.09 cannot 
be assigned. 	Thus while the analytical and mass spectral 
data indicate that an eth'oxycarbonyl group has been' added 
to the starting triazinone (640a) the 1H n.m.r. data shows 
that its exact location is uncertain. 	But since the 
object of synthesising this product was to cyclise it to 
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the dione (662) it does not matter whether the ethoxycarbonyl 
group has become attached to the amino or the hydroxyamino 
group of the triazinone (640a) since provided the urethane 
derivative has either of the structures (663) or (664) it 
will cyclise to the dione (662). 	Only if the urethane 
has the structure (665) will it not be suitable for conversion 
into (662). 	With a view to establishing the position of the 
ethoxycarbonyl group in the urethane H an attempt was made to 
acetylate it. 	If structure (663) or (664) is correct acetyl- 
ation should give an N-acetoxy product (666) or (667) having 
characteristically high carbonyl absorption at 1800 cm 1 in 
its i.r. spectrum. 	In practice the product H failed to 
acetylate with acetic anhydride. 	Despite this negative 
result it was decided to try and cyclise the product H to 
the dione (662) anyway. 	However, in practice the attempted 
base catalysed cyclisation of the urethane H using dilute 
aqueous sodium hydroxide resulted only in hydrolysis 
189  to 
the triazInone (640a). 	This synthetic approach to the 
N-hydroxytriazolotriazinedione (662) was therefore abandoned. 
Attention was next directed to the attempted reaction 
of the triazinone (640a) with carboxylic acids, with a view 
to obtaining 1-hydroxytriazolotriazinones of the type (653) 
either directly, or by subsequent cyclodehydration of 
intermediate amides (668) or (669) (Scheme 168). 	Ring- 
formation of this type is analogous to that described by 
Dornow, 194 and mentioned earlier, in which 3,4-diamino-
triazinones (635) react with carboxylic acids to afford 
'MeNN H2 	 _Me N N 


















triaZOlOtriaziflofles (636) (Scheme 156). 	Thus the triazinone 
(640a) was heated briefly in formic acid in the hope of 
obtaining either the amides (668) or (669) or the known 
1-hydroxytriazolotriazinone (653). 	However, the only 
isolable product in this reaction was unchanged triazinone 
(640a). However when reaction with formic acid was prolonged 
a small amount of the triazolotriazinone (656) was isolated. 
The possibility that this product is formed by in situ 
reduction of the 1-hydroxytriazolotriazinone (653), can be 
excluded since the latter compound is recovered unchanged 
from hot formic acid. 	Reduction must therefore occur 
prior to cyclisation. 	Formation of the triazolotriazinone 
(656) can be explained therefore by reduction ofthe hydroxy-
amine (640a) to the diamine (670) followed by cyclisation 
(Scheme 169). 	Having failed to achieve the cyclisation 
[(640a). 	(653)1 using formic acid an attempt was made to 
see if successful cyclisation could be achieved using acid 
chlorides. 	Consequently the triazinone (640a) was reacted 
with acetyl chloride in the expectation of obtaining the 
1-hydroxytriazolotriazinone (653; Me for H) (Scheme 168). 
Unfortunately this reaction gave no identifiable product. 
The final synthetic approach to 1-hydroxytriazolo-
triazinones investigated, involved the attempted reaction 
of the triazinone (640a) with aldehydes. 	Cyclisation of 
this type is based on analogous reactions of 3,4-diamino-
triazinones (635) which, as has already been discussed, 
react with ketones such as acetone to give triazolotriazin- 
195 
ones of the type (637) (Scheme 156). 	Thus it seemed 
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reasonable that the triazinone (640a) would react with 
benzaldehyde to afford the 1-hydroxytriazolotriazinone (671) 
(Scheme 170). 	However only unchanged triazinone (640a) was 
isolated when it was treated with benzaldehyde in aqueous 
methanol in the presence of concentrated sulphuric acid. 
In a further effort to achieve reaction, the triazinone 
(640a) and benzaldehyde were heated together at 1600. 
However this reaction led only to an intractable gum. 
Having successfully synthesised two 1-hydroxytriazolo-
triazinones it was of interest to see if these molecules 
would undergo reaction attributable to nitrenium ion inter- 
mediates. 	The 1-hydroxytriazolotriazinone (653) was therefore 
heated in acetic anhydride in the expectation that the 
N-acetoxy derivative (654), which should be formed initially, 
would afford the nitrenium ion intermediate (672) which 
having carbonium character (673) might ultimately give the 
rearranged acetoxy product (674) (Scheme 171). 	However 
heating the compound (653) with acetic anhydride gave only 
an intractable tar. 	This result suggested that the reaction 
conditions were too harsh and consequently an attempt was 
made to rearrange the N-acetoxy derivative (654) 'to the 
ether (675) by heating the former compound in aqueous ethanol. 
In this case however only hydrolysis to the l-hydroxytriazolo-
triazirione (653) occurred. 	The attempted rearrangement of 
the N-acetoxy derivative '(654) to the compound (674) in hot 
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The failure of the N-acetoxy derivative (654) to undergo 
rearrangement prompted an attempt to synthesise the N-tosyl-
oxytriazolotriazinone (676) in which the superior leaving-
group character of the tosyloxy substituent should promote 
formation of the nitrenium ion (672). 	Hence the 1-hydroxy- 
triazolotriazinone (653) was heated with toluene--sulphonyl 
chloride in the presence of triethylamine in the anticipation 
of obtaining the tosyloxy derivative (676). 	In practice 
this reaction gave an excellent yield of a product which on 
attempted crystallisation from ethanol gave the unchanged 
1-hydroxytriazolotriazinone (653). 	However the 1 H n.m.r. 
spectrum of the crude produát was consistent with it being 
the desired N-tosyloxytriazolotriazinone (676). 	The 
instability of this compound precluded its further study. 
Attention was next directed towards the synthesis of 
1-hydroxytriazinotriazinones by reaction of the triazinore 
(640a) with suitable carbonyl compounds. 	Taking as an 
analogy the work of Dornow 194 cited earlier, in which the 
3,4-diaminotriazinones (635) react with ct-halogeno ketones 
to give triazinotriazinones (638), an attempt was made to 
obtain the 1-hydroxytriazinotriazinone (677) by heating the 
triazinone (64ba) with phenacyl bromide in the presence of 
sodium bicarbonate. 	This reaction gave a small quantity of 
a yellow solid whose accurate mass analysis was consistent 
with the molecular formula C12H11N50, corresponding - to the 
triazinotriazinone (678). 	The i.r. spectrum contained 
amino absorption at 3280 cm- 
1  and a carbonyl band at 1630 cm 
also consistent with the triazinotriazinone (678). 	However 
lack of material prevented the solid being further characterised 
and therefore conclusive proof that it had the structure 
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(678) could not be obtained. 
The triazinone (640a) was also heated in diethyl 
oxalate with a view to forming the 1-hydroxytriazinotriazine-
trione (679) (Scheme 17311 . 	However this reaction gave a 
low yield of a product whose properties are consistent with 
the triazinotriazinetrione structure (680). 	Its mass 
spectrum showed a parent ion peak at 195 mass units, while 
its i.r. spectrum contained a broad carbonyl band at 1655 cm' 
suggesting the presence of more than one carbonyl group. 
However, lack of material again prevented confirmatory 
analytical and 1H n.m.r. data being obtained for the product 
(680) whose structure must therefore remain tentative. 
In a further attempt to obtain the 1-hydroxytriazinotriazine 
trione (679), the triazinone (640a) was heated with oxalyl 
chloride in dioxan. 	This reaction afforded a good yield of 
yellow solid whose analytical and mass spectral data wer€ 
not mutually 
band at 3420 
at 3260 cm' 
carbonyl ban 
consistent. 	Its 
- l cm attributable 
attributable to a 
1s at 1723 and 170 
i.r. spectrum contained a 
to an amino function, a band 
hydroxy function and two 
D cm 1 . 	However, lack of 
time prevented the further investigation of this product. 
Encouraged by twice having obtained small amounts of 
triazinotriazine derivatives an attempt was made to react 
the triazinone (640a) with biacetyl, in the hope of 
obtaining the triazinotriazinone N-oxide (681) (Scheme 174). 
In practice the triazinone (640a) failed to react with 
biacetyl in boiling ethanol, unchanged starting material 
being the only isolable product. 
In a final effort to obtain a triazinotriazinone 
N-oxide, the triazinone (640a) was heated in aqueous ethanol 
R NH 
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'- '-. 
with glyoxal. 	However, instead of the desired N-oxide 
(682) (Scheme 175) this reaction gave an unstable orange 
solid which showed broad carbonyl absorption at 1690 cm 1 
in its i.r. spectrum. 	On standing this solid decomposed 
to an intractable multicomponent gum and hence could not be 
further investigated. 
The foregoing studies demonstrate that to some extent 
4-amino-3-hydroxyaminotriaZiflOfleS will undergo similar 
cyclisation reactions to their 3,4-diaminotriazinone 
analogues, although often the parent triazolotriazinone 
or triazinotriazinone rather than the N-oxygenated compound, 
is obtained. 
4.3 Attempted Cyclisation Reactions of 2-Hydroxyamino-
pyrimidin-4 (3H)-ones and 3-Hydroxyamino-1,2,4-triaZifl-
5 (4H) -ones 
Condensation of olkyl halides and or -dicarbony1 
compounds with an o-amino-hydroxyamino system in which the 
amino group is part of the ring, such as 2-hydroxyamino-
pyrimidin-4(3H)-ones (684) should -..'afford' ::l-hydoxy-. 
heterocycles such as 1-hydroxyirnidazol1 ,2-Jpyrimidin-4 (311)-
ones (683) and pyrimido[l,2-Ipyrimidin-4(3H)-one N-oxides (685) 
respectively (Scheme 176). 	3-Hydroxyamino-1,2,4-triaZifl- 
5(4H)-ones (687) should likewise give rise to 1-hydroxy-
imidazo[1,2 - J - 1, 2 , 4- triaZifl -5 ( 4 H)ofleS (686) and pyrimido 
[2,1-c]-1,2,4-triazin-5(4H)-one N-oxides (688) (Scheme 177). 
197-200 
All of these ring systems are well known, 	and some 
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show antibacterial 	and other , 
 202 biological activity. 
However N-oxygenated species such as (683), (685), (686) and 
(688) are unknown and thus it was of interest to attempt 
their synthesis in order to determine if they also possess 
biological activity. 
Scheme 176 
Derivatives of both the - parent imidazo[ 1 , 2-a]pyrimidine ring 
system (691) and the pyrimido[ 1 , 2- a]pyrimidine ring system 
(689) have been prepared 197,198by condensation (Scheme 178) 
of 2-aminopyrimidines (690) with c'.- and -ha1ogeno carbonyl 
compounds. 
Derivatives of the parent imidazo[2,1-c]--1,2,4-triazinone 
system (693), of which there are only a few examples, have 
however not been prepared in this way, but by condensation 
of 2-hydrazifloirnidaZOle (692) with c'.-keto esters (Scheme 
178) 199 
	Similarly the pyrimido[2,1-c]-1,2,.4-triazine 
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of 2-hydrazinopyrimidine (694) with a-bromoketones. 
Examples of 2-hydroxyaminopyrimidifleS (697) and 3-
hydroxyamino-1,2,4-triazines (701) are rare in the liter-
ature and the examples described tend to have been synthesised 
either, by reaction of 2-thiomethylpyrimidines (696)203 or 
the 3-thiomethyl-1, 2 ,4-triazinone (700) 196 with hydroxyl-
amine or in the specific case of 2-hydroxyaminopyrimidines 
(69?) by condensation of a suitable guanidine derivative 
(698) with a -dicarbonyl compound (Scheme 179).204 
The two known compounds 2-hydroxyamino-6-methyl- 
pyrimidin-4 (3H)-one (703) 204 and 3-hydroxyamino-6-methyl- 
196 
1,2,4-triazin-5(4H)-one (701) 	were chosen for these 
studies. 	Thus, an attempt was made to prepare the 
2-hydroxyamino-6-methylpyrimidifl-4 (3H) -one (703) by treating 
the thiornethylpyrimidinone (702)205  with a methanolic 
hydroxylamine solution, rather than by using the literature 
method which involved condensing the guanidine (704) with 
acetoacetic acid. 	The former synthetic approach was based 
on the analogous synthesis of the hydroxyaminotriazinones 
(640) described, in section 4.2 and gave the hydroxyamino- 
pyrimidinone (703) in good yield. 	In order to confirm 
that the product isolated from this reaction was indeed 
the hydroxyaminopyrinhidinone (703), it was acetylated with 
acetic anhydride. 	This reaction gave a moderate yield of 
a solid I whose analytical and mass spectral data were 
consistent with it being a mono-acetylated derivative. 
-207- 
The absence of a high frequency carbonyl band. inthei.r. 
spectrum of the solid suggests that acetylation has not-
occurred at the hydroxyl group which indicates the solid I 
is one or other of the acetyl derivatives (705) or (706) 
(Scheme 180). . However the 1H n.m.r. spectrum contains 
two signals due to ring protons and signals due to three 
methyl groups suggesting that the solid is in fact a mixture 
of the two possible monoacetyl derivatives (705) and (706). 
Attempts to confirm that the solid I was a mixture, by 
subjecting it to t.l.c. in a number of solvents, were 
unsuccessful, a single spot being obtained in every case. 
Thus the product I would seem to be an inseparable mixture 
of the derivatives (705) and (706). 	Also isolated in lOW 
yield from the acetylation of the pyrimidinone (703) was a 
product which gave analytical data consistent with it being 
a diacetyl derivative. 	The mass spectrum of the diacetyl 
product had a parent ion peak at 183 mass units indicating 
the loss of an acetyl group in the probe. 	Its i.r. 
spectrum showed two carbonyl bands in accord with the 
presence of two acetyl groups and the fact that one of 
these bands is significantly higher than the other points 
to the product being one of the two possible N-acetoxy, 
N-acetyl compounds (707) or (708) (Scheme 180) although 
which is uncertain. 
Having obtained the hydroxyaminopyrimidinone (703) 
attention was directed towards its conversion into N-






















































pyrimidinone (703) was heated in acetic acid with ethyl 
acetoacetate in the hope of obtaining one of the N-hydroxy--
pyrimidopyrimidinediones (709) or (710) (Scheme 181). 
In practice this reaction gave only low yields of high-
melting intractable solids which defied attempts at 
characterisation. 	This lack of success prompted an attempt 
to effect condensation of the pyrimidinone (703) with ethyl 
acetoacetate under basic conditions. 	Consequently the 
hydroxyaminopyrimidinone (703) was heated in ethanol with 
ethyl acetoacetate in the presence of a catalytic amount 
of piperidine. 	However this reaction afforded largely 
unchanged pyrimidinone . 	In a final effort to react the 
pyrimidinone (703) with ethyl acetoacetate the two were 
simply heated together under reflux. 	However this reaction 
gave only an intractable rnulticomponent gum which was not 
further investigated. 
The attempted condensation of the pyrimidinone (703) 
with acetylacetone in boiling glacial acetic acid likewise 
did not give the hoped for pyrimidinone N-oxide (711) 
(Scheme 182). 	Instead this reaction gave a low yield of 
a solid which showed a parent ion at 125 mass units in 
its mass spectrum. 	While this data is consistent with the 
solid being the known aminopyrimidinone (712)206  the 
melting-point of the solid is 53° below that of the amine 
(712). 	Unfortunately there was insufficient material 































Having had no success in synthesising N-oxygenated 
pyrimidopyrimidinones it was decided to investigate 
potential synthetic routes to 1-hydroxyimidazo [1,2-a] 
pyrimidinones. 	Consequently, an attempt was made to 
obtain the alkylated pyrimidinone (713), by heating the 
.pyrimidinone (703) with chioroacetone in the presence 
of potassium carbonate, and thence by cyclisation the 
1-hydroxyimidazopyrimidinone (714) (Scheme 183). 
Cyclisation of this type finds analogy in the known 
reactions of 2-aminopyrimidinones with halogeno ketones 
[Scheme 178; (690) 	,(691)]197 described earlier. 
In practice the product of the reaction of (703) with chioro-
acetone was an orange solid whose i.r. spectrum contained 
two carbonyl bands at 1700 and 1655 cm 1 suggesting that the 
chioroacetone had reacted with thepyrimidinone (703). 
However the solid decomposed on attempted crystallisation 
and hence it could not be identified. 	The use of dimethyl- 
formamide as the solvent and sodium hydride as the base in 
the attempted reaction of the pyrimidjnone (703) with chioro-
acetone,conditions which had previously achieved alkylation 
of the pyridourethane ( 557 ) (see chapter 3), likewise 
failed to give the alkylated pyrimidinone (713). 	Instead 
a low yield of a solid whose properties are consistent with 
it being the aminopyrimidinone (712), was obtained. 
Due to this lack of success an attempt was next made 
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It was hoped that the acid chloride would react with (703), 
to give one or other of the acylated pyrimidinones (715) 
or (716) which might then be cyclised to the corresponding 
1-hydroxyimidazopyrimidinone (717) or (718) (Scheme 184). 
The reaction of the pyrirnidinone (703) with chioroacetyl 
chloride in dimethylformamide in the presence of sodium 
acetate gave an excellent yield of a solid J whose analytical 
and mass spectral properties suggested that it was one or 
other of the 'desired products (715) or (716). 	Also in 
accord with either of these structures, the i.r. spectrum 
of the product J contained two carbonyl bands at 1760 and 
1663 Cm- 1  and a band at 32.15 cm- 
1  attributable to NH or 
OH absorption. 	On the basis of this i.r. spectrum there 
is in principle no reason why the compound J could not 
also be the pyrimidinone (719). 	Thus, in an effort to 
establish the structure of the solid J an attempt was made 
to acetylate it. 	If there is a free N-hydroxy group in 
the product J. acetylation will give an N-acetoxy derivative 
having a high frequency carbonyl band at 1800 cm- 1  in its'' 
i.r. spectrum. 	In practice, acetylation. of J resulted in 
the loss of the chioroacetyl substituent giving a low yield 
of an N-acetoxy-N-acetyl derivative, hence precluding the 
determination of the site of the chl.oroacetyl group. 
However an attempt was made to cyclise the solid J by 
heating it in acetone with potassium carbonate. 	The only 
isolable product from this reaction was the hydroxyamino-
pyrimidinone (703), which is presumably formed by hydrolytic 
removal of. the chioroacetyl group. 	In an attempt to avoid 
H 0 
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the ambiguity in the site of alkylation/acylation observed 
with the hydroxyaminbpyrimidinone (703), it was decided to 
investigate the alkylation of the thiomethylpyrimidinone 
(702). 	This compound should react with chioroacetone to 
give the compound (720) of unambiguous structure which 
might then be reacted with hydroxylamine to afford the 
desired N-acetonylhydroxyaminopyrirnidine (722) suitable 
for cyclisation to the 1-hydroxyimidazopyrimidine (723) 
(Scheme 185). 	However when the thiomethylpyrimidinone 
(702) was heated with chioroacetone in the presence of 
anhydrous potassium carbonate the only isolable product 
was a yellow oil whose t.1.c. showed it to be mainly chioro-
acetone. 	Conversion of the thiomethylpyrimidinone (702) 
into the sodium salt using sodium hydride followed by reaction 
with chioroacetone also failed to afford the alkylated 
product (720),only the unchanged starting material (702) 
being recovered. 
Attention was next directed towards obtaining N-oxygenated 
imidazotriazines and N-oxygenated pyrimidotriazines. 	The 
approach used was similar to that employed in the attempted 
synthesis of 1-hydroxypyrimidopyrimidinones and 1-hydroxy-
irnidazopyrimidinones and started from the known 6-methyl-
3-thiomethyl-1,2,4-triazin-5(4H)-one (700)207 which was 
readily available in good yield. 	However all attempts to 
convert this compound into the hydroxyaminotriazinone (701) 





























M e NN . 
Scheme 186 
-2l2- 
hydroxylarnine solution proved unsuccessful, the unchanged 
thiomethyibriazinone (700) being recovered. 	However, the 
hydroxyaminotriazinone (701) was successfully prepared by 
heating the thiomethyltriazinOne (700) with hydroxylamine 
hydrochloride and sodium acetate in aqueous ethanol. 	The 
hydroxyaminotriazinone (701) analysed as a monohydrate thus 
accounting for the disparity in the melting-point of the 
product obtained in the present studies with the literature 
value. 	In order to confirm that the product Obtained in 
the present studies was indeed the hydroxyaminotriazinone 
(701) it was acetylated to give a good yield of a product 
thought to be the 3-(N-acetylhydroxyamino)triazinone (724) 
(Scheme 186). 	Satisfactory analytical, mass spectral and 
'H n.m.r. data were obtained for this monoacetylated derivative 
which lacked high frequency i.r. carbonyl absorption 
indicating that acetylation had not occurred at the hydroxy 
group or the ring NH group thus supporting the N-acetyl-
hydroxyaminotriazinone structure (724). 	Having established 
the structure of the hydroxyaminotriazinone (701) an attempt-
was made to condense it with acetylacetone to give the 
pyrimidotriazinone N-oxide (726) (Scheme 186). 	However when 
the hydroxyaminotriazinone (701) and acetylacetone were 
heated under reflux in glacial acetic acid only a low yield 
of an intractable gum was obtained. The failure of this 
reaction together with the previous failure of condensation 
reactions involving the pyrimidinone (703) resulted in this, 
approach to N-oxygenated polyazaheterocycles being terminated 
at this point. 
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4.4 	Attempted Cyclisation Reactions of 3-Amino-4-nitroso- 
pyrazole Derivatives 
The final type of ring-closure to N-oxygenated polyaza-
heterocycles investigated involved the attempted condensation 
o.f ortho-amino--nitroso systems, specifically 3-amino-4--
nitrosopyrazoles (728),with orthoesters, aldehydes, and a or - 
dicarbonyl compounds to afford, hopefully, 1-hydroxyimidazo 
[4,5-clpyrazoles (727) and pyrazo1o[3,4-] pyrazine 1-oxides 
(729) and (730) (Scheme 187), hitherto unknown heterocyclic 
systems of potential biological activity. 
3-Amino-4-nitrosopyrazoles (728) (Scheme 187) are well 
208-210 
documented compounds. 	 They are obtainable (Scheme 
either by nitrosation of 3-aminopyrazoles (.731)208,210 
,or by treatment of 3,4-diacetylfuroxan (732) with phenyl-
hydrazine to give the dioximinopyrazole (733) which decomposes 
to the 3-amino-4-nitrosopyrazole (74)on heating (Scheme 
209 	 211 . 	It has also been shown 	that 3-amino-4-nitroso- 
pyrazoles (728.) acylate readily to form mono and diacylated 
products (735) and (736). 	Thus by analogy with the reaction 
0 
NOR3Cox 	 NO + R 	-COR3 
3 III NCOR3 NHCOR  
2 
I 	 12 R 	 R2 R 
(728) 	 (735) 	 (736) 
Scheme 190 







• C%NNH O2NR 
rn 
(738) 








1 	II 	1+ 





























Ph Scheme 193 
PhN;9yH 
7NINH 
Ph 	 • HNO2 
	
Ph XNO  + 
(.747)- 	 (746). 
Ph N 
I  nj H 
Scheme 194 	 (748 
-214- 
of ortho-nitrosoanilines [e.g. (737)] with aldehydes 89 
to afford benzimidazole 1-oxides (738) which are tautorneric 
with 1-hydroxybenzimidazoles (739) (Scheme 191) and the 
oxidative cyclisation of 6-arylamino-5-nitrosouracils (740) 102 
to isoalloxazine 5-oxides (741) (Scheme 192) discussed in 
chapter one, it seemed reasonable to expect that the 3-amino-- 
4-nitrosopyrazoles (728) would undergo acylation and cyclisation 
to the desired N-oxygenated species (728 - 730). The ready 
condensation 210  of 3,4-diaminopyrazoles (742) with a-dicarbonyl 
compounds to form the parent pyrazo1o[3,4-]pyrazines (743) 
(Scheme 192) also indicates the feasibility of the - proposed 
routes (Scheme 187) to the N-oxides (729) and (730). 
The known 3-amino-4-nitroso-5-phenylpyrazole (746a) 
and 5-amino-1,3-diphenyl--4-nitrosopyrazole (746b) (Scheme 193) 
were chosen for these studies. 	However they were not 
prepared as described in the literature,namely by direct 
nitrosation of the appropriate 5-aminopyrazole. 	The approach 
used in the present studies involved the reaction Of 2-oximino-
benzoylacetonitrile (744) with hydrazine or phenyihydrazine 
to give either the pyrazoles (746) directly or the hydrazones 
(745) which could then be cyclised to the pyrazoles (746). 
The advantage of this method over that described in the 
literature is that only the nitrosopyrazole (746) can be 
formed, whereas in the direct nitrosation of 3-aminopyrazoles 
(747) either the nitrosopyrazole (746) or the nitrosamine 
(748), or both could be produced (Scheme 194). 	Hence the 
known 212 2-oximinobenzoylacetonitrile (744), was heated in 
methanol with hydrazine hydrate to give an orange product 
which gave analytical and mass spectral data consistent 
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point in accord with the literature value for this compound. 
The structure of the amino-nitrosopyrazole (746a) was firmly 
established by its catalytic hydrogenation to the diamine 
(749) which was not isolated but was condensed in situ with 
diethyl oxalate to yield the pyrazolopyrazinedione (750) 
(Scheme 195). 	The product (750) gave satisfactory analytical 
and mass spectral data and in accord with the assigned 
structure its i.r. spectrum contained two carbonyl bands 
at 1705 and 1690 cm'. 	3-Arnino-/,3--diphenyl-4-nitroso- 
pyrazole (746b) was obtained when 2-oximinobenzoylaceto--
nitrile (744) was heated in methanol with phenyihydrazine 
though the main product of this reaction was the hydrazone 
(745b) (Scheme 193). 	The structure of the pyrazole (746b) 
follows from its identity with a sample prepared by the 
method of Cusmano 08 and from its formation by cyclisation 
of the hydrazone (745b) in hot glacial acetic acid. 
Having successfully synthesised the o-aminonitroso-
pyrazoles (746a and b) effort was directed to their attempted 
conversion into N-oxygenated imidazopyrazoles and pyrazolo-
pyrazines. 	The successful condensation of the diamine 
(749) with diethyl oxalate to give the pyrazolopyrazine 
derivative (750) (see before) prompted the attempted reaction 
of the amino-nitrosopyrazole (746a) with diethyl oxalate in 
the expectation of obtaining the pyrazolopyrazine N-oxide (751). 
However the pyrazole (746a) failed to react with diethyl 
oxalate under the conditions which successfully produced the 
pyrazolopyrazine (750). 	Likewise the attempted reaction of 
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COMe  0 COMe 
































Me COC H2CO2Et 
Ph 	N.Me zl%.~ Nl 1 14 	'N 
. PhH 	01 
PH 
N' 	














(759) 	 (760) 
10-7 
-216- 
the pyrazole (746b) with acetylacetone in the presence of 
piperidine to give the pyrazolopyrazine N-oxide (752) was 
unsuccessful, the unreacted pyrazole (746b) being recovered. 
In contrast the amino-nitrosopyrazole (746b) reacted with 
acetylacetone in hot acetic acid to give the parent pyrazolo-
pyrazine (753) (Scheme 196). 	This product gave satisfactory 
analytical and mass spectral data and its i.r. spectrum 
contained a carbonyl band at 1692 cm- 1. 	The insolubility 
of the compound (753) precluded the measurement of its 
n.m.r. spectrum. 	Encouraged by the formation of the pyrazolo- 
pyrazine derivative (753) various attempts (Scheme 197) were 
made to react the nitrosopyrazole (746b) .with ethyl aceto-
acetate to afford.the pyrazolopyrazine N-oxide (756). 
However the compound (746b) failed to react on heating with 
etiyl acetoacetate in ethanol in the presence of hydro-
chloric acid. 	Similarly heating the pyrazole (746b) with 
ethyl acetoacetate in toluene with provision for the azeo-
tropic removal of water gave only a good recovery of the 
unchanged starting material. 	However when the pyrazole 
(746b) was heated under ref lux in neat ethyl acetoacetate 
a low yield of the pyrazolopyrazine (757) was obtained 
together with a yellow product which is tentatively assigned 
the imidazopyrazole or pyrazolodiazepinone structure (759) 
.or (760) . 	Analytical, mass spectral, and H n.m.r. data 
consistent with the structures (757) and (759) or (760) 















Ph 	NO 	PhCHO 	Ph 	~~& 
/-~v 
Ir NH2 	 I 












amino-nitrosopyrazole (746b) with neat ethyl acetoacetate 
Formation of the imidazopyrazole (759) or the pyrazolo-
diazepine (760) may be rationalised (Scheme 197) by initial 
condensation to give the acetoacetamide derivative (755) 
followed by in situ reduction to the amine (758) and 
cyclisation to the five-membered (759) or seven-membered 
(760) product. 	Two further products, M+ 286 and 464, 
were obtained from the reaction of the nitrosopyrazole 
(746b) with neat ethyl acetoacetate. 	However neither of 
these compounds was obtained in sufficient amount to 
permit their characterisation. 	Having failed to achieve 
the conversion of ortho-amino-nitrosopyrazoles into N-
oxygenated pyrazo1o[3,4-]pyrazines this synthetic approach 
was abandoned at this point. 
Possible routes to N-oxygenated imidazot4 , 5-c]pyrazoles 
were next investigated. 	Thus the pyrazoles (746a and b) 
were treated with triethyl orthoformate in the hope of their 
condensing to give the N-hydroxyimidazopyrazoles (761a and b) 
(Scheme 19). 	The N-unsubstituted pyrazole (746a) reacted 
with triethyl orthoformate to yield unchanged starting 
material, and a small amount of a solid which had a parent 
ion peak at 216 mass units in its mass spectrum and an NH 
-1 absorption band at 3160 cm in its i.r. spectrum. 	The 
low molecular weight of this product suggests that it is 
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material prevented the further characterisation of this 
product. 	The nitrosopyrazole (746b) likewise failed to 
afford the hoped for N-hydroxvimidazopyrazole (761b) on 
attempted reaction with triethyl orthoformate. 	This 
reaction gave only an intractable gum and a small quantity 
of an unidentifiedhigh-melting solid. 	In a final attempt 
to synthesise an N-hydroxyimidazo[4,5-c]pyrazole, the 
nitrosopyrazole (746b) was heated under reflux in toluene 
with benzaldehyde and a catalytic amount of toluene -E- 
suiphonic acid. 	However, this reaction did not yield the 
anticipated N-hydroxyimidazopyrazole (7o2) (Scheme 199), 
the starting material (746b) being recovered unchanged 
together with a dark multicomponent gum. 
In a last effort to utilise an ortho-amino-.ñitrosopyrazà1e 
to synthesise an N-oxygenated polyazaheterocycle, a dimethyl-
formamide solution of the pyrazole (746b) was treated with 
phenyl isocyanate in the anticipation that cycidaddition 
would occur to give the N-hydroxypyrazolotriazinone (764) 
(Scheme 200). 	In practice this reaction gave a low yield 
of a red solid which is tentatively assigned the oxadiazinone 
structure (767). 	The red product gave mass spectral data 
consistent with this structure though some difficulty was 
experienced in obtaining a concordant combustion analysis. 
Although the mass spectral and analytical data could equally 
well fit the. imidazopyrazole N-oxide structure (768) 
(Scheme 200), the presence of a carbonyl band at 1765 cm• 
219- 
I 
in the i.r. spectrum of the red product is more consistent 
with the lactone structure (767). 	Formation of the latter 
can be rationalised (Scheme 200) by initial addition of the 
pyrazole (746b) to phenyl isocyanate to give the urea 
(763) convertible by hydrolysis into the carbamic acid 
(765) and thence by cyclodehydration the oxadiazinone 
(767). 	However further detailed studies will be necessary 




The Preparation of 6-Substituted 4-amino-3-hydroxyamino-
1,2,4-triazin-5(4H)-ones 
4-Amino-3-hydroxyarnino-6-methy1-1,2,4-triazin--5(4H)-one (640a) 
was prepared by the method of Dornow (yield 87%), M.P. 227- 
230 0  (lit., 196 230° ). 	 V 
4-Amino-3-hydroxyamino-6-phenyl--1,2,4--triazin-5(4H)-one (640b) 
was prepared by the method of Dornow (yield quantitative), 
M.P. 242-60  (lit., 196 252
0 ). 
The Reaction of 4-Amino-3-hydroxyamino-6-methyl-1, 2,4-
triazin-5(4H)-one (640a) with Acetic Anhydride 
The hydroxyaminotriazinone (640a),(0.16 g, 0.001 mol) 
was heated in acetic anhydride (3.0 ml) at 100 for 10 mm 
and the resulting solution was allowed to cool to room 
temperature during 20 mm. 	Filtration gave a diacetyl 
derivative (0.17 g, 71%) which formed colourless needles, 
M.P. 228-9 ° (from ethanol-light petroleum), 'max  3170 (NH), 
and 1752, 1742 and 1720 (CO) cm. 
Found: C, 39.5; H, 4.4; N, 28.4%; M+,  199. 
811!524_requires: C, 39.8; H, 4.6; N, 29.0%; M, 241. 
Evaporation of the acetic anhydride filtrate and 
trituration of the residue with ethyl acetate afforded 
unreacted starting material (640a),(18%), M.P. 222-70 , 
which was identical (M.P. and i.r. spectrum) with an authentic 
sample. 
The hydroxyaminotriazinone (640a), (0.31 g, 0.002 mol) 
was heated under ref lux in acetic anhydride (5.0 ml) for 3h. 
-221- 
The resulting black solution was evaporated and the residue 
was triturated with toluene to give 2,6-dimethyl--1,3,4-
oxadiazolo-[3,2-c]l,2,4-triazin-3(7H)-one (650) ,(0.l0 g, 
30%) which formed fawn plates, m.p. 197 ° (from ethyl acetate- 
-1 
toluene), Vmax 1695 (CO) cm, 6(CDC1 3 ) 260 (3H, s, Me), 
and 2.67 (311, s, Me). 
Found: C,43.1; H, 3.6; N, 33.8%; M, 166. 
66422 _requires: C,43.4; H, 3.6; N, 33.7%; M, 166. 
The toluene filtrate was evaporated to give a dark gum 
(0.35 g) which was shown by t.l.c. In ether over silica to 
be an unresoivible multicomponent mixture. 
The Preparation of 4-Amino-1,2,4-triazin-5(4H)-one-3(2H)-
thione (652) 
Thiocarbohydrazide (651),(4.2g, 0.04 mol) was dissolved in 
boiling water (40.0 ml) and the solution was treated with 
glyoxylic acid monohydrate (3.6g, 0.04 rnol). 	A vigorous 
reaction occurred and the resulting solution was left at 
room temperature for 90 mm. 	Filtration gave a solid which 
was combined with a second crop obtained from the aqueous 
mother liquor on standing overnight, to afford the thiol 
(652), (3.1 g, 54%) which formed pale yellow plates, m.p. 
208-210° (from. glacial acetic acid), Vmax  3300 and 3176 (NH), 
and 1653 (CO) cm- 1 1 S[(CD 3 ) 2Sol 6.58 (2H, s, NH2 ),and 7.52 
(1H, s, CH). 
Pound: 	C, 25.0; 	H, 2.9; 	N, 39.0%; 	M, 14.4. 
C 3H 4N 4OS requires: C, 25.0; H, 2.8; N, 38.9%; M, 144. 
Chloroform extraction of the aqueous acidic mother 
liquor directly and after neutralisation gave no further 
material. 
The Attempted S-Methylation of 4-Amino-1,2,4--triazin--5 (4H)-
one-3(2H)-thione (652) 
(a) A solution of the thiol (652), (0.29 g, 0.002 mol) 
in Analar acetone (80.0 ml) was treated with anhydrous 
potassium carbnate (2.1 çj) and dirnethyl sulphate (1.2 ml) 
and the mixture was heated under reflux for 4 h in the 
absence of atmospheric moisture. 	The mixture was hot 
filtered to remove insoluble inorganic material, evaporated, 
and treated with water (5.0 ml) to give the product F, 
(0.10 g) which formed colourless plates, m.p. 153-7 ° (from 
ethanol), umax 3260 and 3160 (NH),and 1694 (C0)cm 1 , 
5[(CD3 ) 2 SO] 2.08 (3H, s, Me), 3.90 (2H, s), 5.96 (2H, s), 
6.65 (111, s), 7.88 (1H, s), and 8.33 (1H, s). 
Found: C, 30.7; H, 3.8; N, 35.3%; M+,  158. 
464_requires: C, 30.4; H, 3.8; N, 35.4%; M, 158. 
The aqueous mother liquor was extracted with chloroform 
to give a red oil (0.10 g) which was shown by t.l.c. in 
ether over silica to be an unresolvable three component 
mixture. The acidic aqueous mother liquor was neutralised 
with dilute aqueous sodium hydroxide and extracted with 
chloroform to give a red oil (0.09 g) which was shown by 
t.l.c. in ethyl acetate over silica to be an unresolvable 
three component mixture. 
(b) A solution of the thiol (652), (0.29 g, 0.002 mol) 
in Analar acetone (80.0 ml) was treated with anhydrous 
potassium carbonate (2.1 g) and methyl iodide (0.20 ml) and 
the mixture was heated under ref lux for 3h with the exclusion 
of atmospheric moisture. 	The mixture was hot-filtered to 
remove insoluble inorganic material, evaporated, and the 
residue was treated with water to give a solid, which was 
combined with a second crop obtained by chloroform extraction 
of the aqueous mother liquor,and crystallised from ethanol-
ethyl acetate to give the product F,(0.26 g), m.p. 153-7 0 , 
identical (m.p. and i.r. spectrum) with a sample obtained 
in (a) before. 
The Attempted Reaction of the Product F with Hydroxylamine 
(a) Product F,(0.31 g, 0.002 mol)was dissolved in a 
ref luxing solution of 1 M hydroxylamine in methanol (8.0 ml) 
(prepared by adding a solution of sodium (0.23 g) in methanol 
(3.3 ml) to a solution of hydroxylamine hydrochloride (0.70 g) 
in boiling methanol (6.7 ml) and filtering off the insoluble 
inorganic material] and the resulting mixture was heated 
under reflux for 6 h. 	The mixture was filtered to give a 
solid which was combined with a second crop obtained by 
-224- 
evaporating the methanol filtrate and treating the residue 
with water (2.0 ml), to give unchanged starting material, 
(77%), m.p. 150-5° , identical (m.p. and i.r. spectrum) with 
an authentic sample. 	Work-up of the aqueous mother liquor 
gave no further material. 
(b) A solution of the product F,(0.31 g,.0.002 mol) in 
ethanol (30.0 ml) was heated under reflux for 4 hwith a 
solution of hydroxylamine hydrochloride (1.2 g) and sodium 
acetate (1.2 g) in water (5.0 ml) (added in two portions, 
the second after 2h). 	The mixture was filtered to give a 
solid which wao combined with a second crop obtained by 
evaporating the ethanol filtrate and treating the residue 
with water (2.0 ml), to give unchanged starting material, 
(55%), m.p. 150-5 ° , identical (m.p. and i.r. spectrum) with 
an authentic sample. 	Work-up of the aqueous mother liquor 
gave no further material. 	 . 	. 
The Reaction of 6-Substituted 4-amino-3-hydroxyamino-
triazinones (640a) and (640b) with. Triethyl Orthoformate 
The hydroxyaminotriazinones (640a) and (640b) were mixtures 
which were heated under reflux in triethyl orthoformate for 
3 h. 	Filtration gave the 1-hydroxytriazolotriazinones 
(653) and (659). 
(1) 1-Hydroxy-5-methy1-1,2,4-triazolo[3,2-]-1,2,4-
triazin-3(7H)-one (653) 
The hydroxyaminotriazinofle (640a), (1.6 g, 0.0l.mol) reacted 
with triethyl orthoformate (10.0 ml) to give a solid (1.5 g) 
-225- 
which was washed with ethanol to afford the 1-hydroxytriazolO-
triazinone (653),(88%) which formed colourless needles, m.p. 
229-231 0 (from glacial acetic acid), Vmax 3103 (OH), and 
1728 (CO) cm 1 16[(CD3 ) 2 S0] 2.38 (3H, s, Me), and 9.29 
(lii, s, Cli). 
Found: C, 35.9; H, 3.0; N, 42.0%; M+,  167. 
c-5552_requires: C, 	35.9; H, 	3.0; 	N, 	41.9%; 	M, 167. 
The triethyl orthoformate filtrate was evaporated to 
give a gummy solid (0.12 g) which was shown by t.l.c. in 
ether over silica to be an unresolvable three component 
mixture. 
(ii) 1-Hydroxy-5-phenyl-1,2,4 -triaZolO[3,2 ]-1,2,4-
triazin-3(7H)-one (659) 
The hydroxyaminotriaziflofle (640b), (0.44 g, 0.002 mol) 
reacted with triethyl orthoformate (2.5 ml) to afford the 
1-hydroxytriazolotriaziflofle (659),(93%) as pale yellow needles, 
rn.p. 220-3° (from ethanol-water), Vmax 3112 (OH), and 1673 
(CO) cm', 5[(CD 3 ) 2 Sol 7.40-7.48(3H, m, 2\rH), 8.04-8.3.6 
(2H, rn, ArH), and 9.34 (1H, s, CH). 
Found: C, 49.4; H, 3.6; N, 29.6%; 	213. 
lo.7522_requires: C, 52.4; H, 3.1; N, 30.6%; H, 229. 
The triethyl orthoformate filtrate was evaporated to 
give a gum (0.04 g) which was shown by t.l.c. in ether over 
silica to be an unresolvable three component mixture. 
The Reaction of the 1-Hydroxytriazolotriazinone (653) 
with Acetic Anhydride 
The 1-hydroxytriazolotriazinone (653), (0.51 .g, 0.003 mol) 
was warmed in acetic anhydride (6.0 ml) with a free flame 
until all of the solid had dissolved. 	The solution was 
immediately cooled under the cold tap and filtered to afford 
a solid, which was combined with a second crop obtained by 
evaporating the acetic anhydride filtrate and triturating 
the residue with ethyl acetate togive 1-acetoxy-5-methyl-
l,2,4-triazo1o[3,2 - ] -- 1,2,4 -- triazin -- 3(7H) -one (654) 1 (0.47 g, 
89%) which fOrmed colourless plates, M.P. 160-3 ° (from ethyl 
acetate), VmaX 1821 and 1700 (CO) cm 1 , ó[(CD3)2S0] 2.39 
(3H, s, Me),and 9.26 (1H, s, CH). 
Found: C, 38.3; H, 3.3; N, 36.1%; M, 209. 
C7H 7N50 3 requires: C, 40.2; H, 1 3.4; N, 33.5%; M, 209. 
The ethyl acetate mother liquor was evaporated to give a 
brown gum (0.06 g) which was shown by t.1.c. in ether over 
silica to be an unresolvable three component mixture. 
The Reaction of the 1-Hydroxytriazolotriazinone (653) 
with Sodium Dithionite 
A solution of the 1-hydroxytriazolotriazinone (653), (0.34 g, 
0.002 rnol) in 70% v/v aqueous ethanol (50.0 ml) was heated 
under ref lux for 1 h with sodium dithionite (0.80 g) 
(added in two portions, the second after' 30 mm). 	The 
mixture was hot-filtered to remove insoluble inorganic 
material, evaporated, and treated with water (2.0 ml) to 
yield the product G,(0.34 g) which formed colourless plates, 
M.P. > 340° (from ethanol), Vmax 3200 br (OH), and 1695 
(CO) cm. 
" 227- 
Found:  C, 33.9; H, 3.7; N, 39.9%; M, 151. 
The Reaction of the Product g. with Acetic Anhydride 
The product G,(0.32 g) was heated in acetic anhydride 
(5..0 ml) at 1000 for 10 min and the resulting solution 
was allowed to cool to room temperature during 20 mm. 
Evaporation of the solution and trituration of the residue 
with ethanol afforded 5-methyl-1,2,4-triazoloE3,2-.]-
1,2,4-triazin-3(7H)-one (656) , (0.14 g, 46%) which formed 
colourless plates, m.p. 254-6° (from ethanol-glacial acetic 
acid), Vmax 3140 (NH), and 1692 (CO) cm- 1. 
Found: C, 39.7; H, 3.3; N, 45.9%; M+,  151. 
C 5H5N50 requires: C, 39.7; H, 3.3; N, 46.4%; M, 151. 
The ethanol mother liquor was evaporated and the gummy 
residue was rubbed with ethanol-ethyl acetate to yield 
unreacted product G,(12%), m.p.. > 300 ° , identical (m.p. and 
i.r. spectrum) with an authentic sample. 	Evaporation of 
the ethanol-ethyl acetate mother liquor gave a brown gum 
(0.09 g) which was shown by t.l.c. in ethyl acetate over 
silica to be an unresolvable four component mixture. 
The Attempted Catalytic Reduction of l-Acetoxy-5-methyl-
l,2 1 4-triazolo[3,2-ç]-1,2,4--triazin-3(7H)-one (654) 
A solution of the N-acetoxy derivative (654), (0.42 g, 
0.002 mol) in ethanol (150 ml) was hydrogenated over 10% 
palladium-on-charcoal (0.04 g). 	The mixture was filtered 
-228- 
and evaporated to give a solid which was combined with a 
second crop obtained by extracting the catalyst with boiling 
ethanol, to give the l-hydroxytriazolotriazinone (653), 
(0.29 g, 87%), m.p.. 250-1 ° , identical (m.p. and i.r. spectrum) 
with an authentic sample. 
The Reaction of 4-Ainino-3-hydroxyamino-6-mnethyl-1, 2 ,4-triazin-
5(4H)-one (640a) with Triethyl Orthoacetate 
The hydroxyamninotriazinone (640a), (0.16 g, 0.001 mol) 
was heated under reflux in triethyl orthoacetate (2.5 ml) 
for 3 h. The resulting solution was evaporated and the 
residue was triturated with toluene-light petroleum to 
give the nitrone (657a),(0.14 g, 46%) which formed pale 
yellow plates, m.p. 94-6 
0 
  (from light petroleum), 'max 
1690 (co) cm- 1 
Found: C, 48.2; H, 6.2; N, 23.5%; M+,  297. 
l21954_requires: C, 48.5; H, 6.4; N, 23.6%; M, 297. 
The Attempted Reaction of 4-Amino-3-hydroxyamnino--6-methyl-
•1,2,4-triazin-5(4H)-one (640a) with Triethyl Orthopropionate 
The hydroxyaminotriazinone (640a), (0.16 g, 0.001 niol) was 
heated under reflux in triethyl orthopropionate (2.5 ml) 
for 3 h. 	The solution was evaporated to give a gum (0.34.g) 
which was subjected to dry column 'chromatography indiéthyl ether 
over silica. 	The front-running band gave an unidentified 
yellow oil (0.12 g), Vmax  1723 (CO) cm 1 , M, 297. 
Further work-up of the dry column gave only negligible amounts 
of yellow oils. 	 . 
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The Reaction of the 1-Hydroxyriazolotriazinone (659) 
with Acetic Anhydride 
The 1-hydroxytriazolotriazinone (659), (0.23 g, 0.001 mOl) 
was warmed in acetic anhydride (3.5 ml) with a free flame 
until no more solid would dissolve. 	The mixture was hot- 
filtered to give a solid, which was combined with a second 
crop obtained by cooling the acetic anhydride filtrate, and 
with a third crop obtained by evaporating' the acetic anhydride 
filtrate and triturating the residue with diethyl ether, to 
give 1-acetoxy-5-phenyl-1,2,4-triazolo[3,2-]--1,2,4-triazin-
3(7H)-one (660), (0.19 g, 70%) as pale orange plates, m.p. 
167-90  (from toluene-glacial acetic acid),' max  1810 and 
1683 (CO) cm 1 , S[(CD3)2SO] 1.95 (3H, s, Me), 7.96-8.2.5 
(4H, m, C6H 5 ), 8.42 (lH, s, C 6H 5 ), and 9.40 (1H, s, CH). 
Found: C, 52.9; H, 3.4; N, 27.5%; M+,  271. 
l2953_requires: C, 53.1; E, 3.3; N, 25.8%; M, 271. 
The diethyl ether filtrate was evaporated to give a gum 
(0.03 g) which was shown by t.l.c. in ether over silica to 
be a multicompbnent mixture. 
The Attempted Reaction of the 1-Hydroxytriazolotriazinorie 
(659) with Sodium Dithionite 
A solution of the 1-hydroxytriazolotriazinone (659), 
(0.46 g, 0.002 mol) in 70% v/v aqueous ethanol (180 ml) was 
heated under ref lux with sodium dithionite (0.80 g) (added 
in two portions, the second after 30 min) for 1 h. 	The 
mixture was hot-filtered to remove some insoluble inorganic 
material, evaporated, and treated with water (3.0 ml) to 
yield a solid which was combined with a second crop, obtained 
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by chloroform extraction of the aqueous mother liquor, to 
give unchanged starting material (659),(91%), m.p. 215-220° , 
identical (m.p. and i.r. spectrum) with an authentic sample. 
The Attempted Reaction of 4-Amino-3-hydro .xyamino-6-methYl 
1,2,4-triazin-5(4H)-one (640a) with Diethyl Carbonate 
The hydroxyaminotriaziflOfle (640a), (0.31 g, 0.002 mol) was 
heated under ref lux in diethyl carbonate (2.5 ml) for 3 h. 
The mixture was filtered to yield unchanged starting material 
(640a),(97%), m.p. 220-5 ° , identical (m.p. and i.r. spectrum) 
with an authentic sample. 
The Reaction of 4-Amino-3-hydroxYamiflO-6rflethYll,2,4 
triazin-5(4H)-one (640a) with Ethyl Chloroformate 
A solution of the hydroxyaminotriaZiflOne (640a), (0.31g, 
0.002 mol) in dry dioxan (50.0 ml) was stirred at 0 (ice- 
salt bath) and treated with triethylamine (0.28 ml, 0.002 mol) 
followed dropwise by a solution of ethyl chioroformate 
(0.19 ml, 0.002 mol) in dry dioxan (5.0 ml). 	After stirring 
at room temperature for 30 min the mixture was filtered to 
afford triethylamine hydrochloride (0.23 g), m.p. 251-4 °, 
identical (m.p. and i.r. spectrum) with an authentic sample. 
The dioxan filtrate was evaporated to yield the product H., 
(0.42 g, 91%) which formed colourless needles, m.p. 
130-2° (from toluene), Vmax  3275, 3210 and 3140 (NH,OH), 
•-231- 
and 1760 and 1673 (Ca) cm 1 , ó[(CD 3 ) 2SO] 1.09 (2H,.$), 
1.27 (311, t, Me), 2.30 (311, s, Me), 3.46 (111, s),4.26 
(211, q, Cl! 2 ), and 5.90 (211, s). 
Found: C, 36.9; H, 5.1; N, 30.6%; M+,  229. 
71154 _requires: C, 36.7; H, 4.8; N, 30.6%; M, 229. 
The Attempted Reaction of the Product j with Acetic Anhydride 
The product H,(0.18 g, 0.0008 mol) was warmed in acetic 
anhydride (1.5 ml) with a free flame until all of the solid 
dissolved. 	The solution was immediately cooled under the 
cold tap and filtered to afford unreacted product H,(50%), 
m.p. 120-5° , identical (m.p. and i.r. spectrum) with an 
authentic sample. 	The acetic anhydride filtrate was 
evaporated to give a brown gum (0.12 g) which was shown by 
t.l.c. in ethyl acetate over silica to be an unresolvable 
multicomponent mixture. 
The Attempted Reaction of the Product II. with Aqueous 2M 
Sodium Hydroxide 
.A solution of the product H,(0.46 g, 0.002 mol) in aqueous 
2M sodium hydroxide (2.0 ml) was left at room temperature 
for 5 mm, during which time the turbid orange solution 
changed to a red solution with gas evolution. The mixture 
was filtered to give the hydroxyaminotriazinone (640a), 
(0.07 g, 25%) , m.p.. 219-223 ° , identical (rn.p. and i.r. spectrum) 
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with an authentic sample. 	The aqueous alkaline filtrate was 
neutralised with concentrated hydrochloric acid and sodium 
acetate and evaporated to give a residue which was treated 
with water (0.2 ml) to afford a solid (0.08 g), m.p. > 300 0 , 
V 	3180 br (NH) cm- 
1.  This was dissolved in water (0.8 ml) 
max 
neutralised with acetic acid and extracted with methylene 
chloride but gave no material. 	Further work-up of the 
aqueous mother liquor gave no further material,. 
The Attempted Reaction of 4-Amino-3-hydroxyarnino-6-methyl-
l,2,4-triazin-5(4H)-one (640a) with Formic Acid 
(a), A solution of the hydroxyarninotriazinone (640a), 
(0.16 g, 0.001 mol) in 99% formic acid (2.5 ml) was heated 
under reflux for 30 mm. 	The resulting red solution was 
evaporated and the residue was triturated successively with 
ethyl acetate and ethanol to yield unchanged starting material 
(640a), (38%), m.p. 220-5 ° , identical (m.p. and i.r. spectrum) 
with an authentic sample. 	The ethyl acetate and ethanol 
mother liquors were combined and evaporated to give a gum 
(0.07 g) which was shown by t.1.c in ethyl acetate over 
silica to be an unresolvable four component mixture. 
(b) A solution of the hydroxyaminotriazinone (640a), 
(0.31 g, 0.002 mol) in 99% formic acid (5.0 ml) was heated 
under reflux for 3 h. 	The solution was evaporated to give 
a residue which on trituration with ethyl acetate afforded 
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the triazolotriazinone (656), (0.03 g, 10%), m.p. 245-8 
0 
identical (m.p. and i.r. spectrum) with an authentic sample. 
Evaporation of the ethyl acetate mother liquor gave an orange 
gum (0.10 g) which was shown by t.l.c. in ethyl acetate over 
silica to be a multicomponent mixture. 
The Attempted Reaction of the 1-Hydroxytriazolotriazinone 
(653) with Formic Acid 
A suspension of the 1-hydroxytriazolotriazinone (653), 
(0.17 g, 0.001 mol) in 99% formic acid (5.0 ml) was heated 
under reflux for 30 mm. 	The resulting yellow solution 
was evaporated to give unchanged starting material (653), 
(quantitative yield), m.p. 222-3° , identical (m.p. and 
i.r. spectrum) with an authentic sample. 
The Attempted Reaction of 4-Amino-3-hydroxyarnino-6-rnethyl-
1,2,4-triazin-5(4H)-one (640a) with Acetyl Chloride 
A suspension of the hydroxyaminotriazinone (640a), (0.62 g, 
0.004 mol) in acetyl chloride (20.0 ml) was heated under 
reflux for 3 h. 	The mixture was evaporated, treated with 
water (5.0 ml) and extracted with chloroform to give a 
brown gum which was triturated with cliethyl ether-toluene to afford 
a solid (0.23 g), m.p. 115-120°, Vrnax 3140 br (NH), and 
1685 br (CO) cm- 
1  which defied purification. 
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The Attempted Reaction of 4-Amino-3-hydroxyamino-6--methyl--
1,2,4-triazin-5(4H)-ofle (640a) with Benzaldehyde 
A solution of the hydroxyaminotriazinone (640a), 
(0.31 g, 0.002 mol) in methanol (60.0 ml) was treated with 
concentrated sulphuric acid (1.0 ml) and water (2.5 ml) 
followed by a solution of benzaldehyde (0.21 g, 0.002 mol) 
in methanol (5.0 ml). 	The resulting mixture was left at 
room temperature for 16 h concentrated under reduced pressure, 
and treated with water (2.0 ml). 	Extraction with chloroform 
gave a yellow oil (0.03 g) which was shown by t.1.c. in ether 
over silica to be an unresolvable three component mixture. 
Neutralisation of the acidic aqueous layer with dilute 
aqueous sodium hydroxide and solid sodium acetate gave the 
unchanged 	hydroxyaminotriazinone (640a), (48%), m.p. 
222-7° , identical (m.p. and i.r. spectrum) with an authentic 
sample. Work up of the neutral aqueous mother liquor 
gave no further characterisable material. 
A suspension of the hydroxyaminotriazinone (640a), 
(0.31 g, 0.002 mol) in freshly distilled benzaldehyde 
(0.23 g, 0.0022 mol) was heated at 160° for 30 mm. 	The 
resulting dark red gum was dissolved in chloroform (5.0 ml) 
and washed with saturated aqueous sodium bisuiphite solution. 
Evaporation of the chloroform extract gave an intractable 
red gum which was shown by t.l.c. in ether over silica to 
be an unresolvable four component mixture. 
, -' - 
The Attempted Rearrangement of the 1-HydroxytriazolOtria -
zinone (653 ) with Acetic Anhydride 
The 1-hydroxytriazolotriazinone (653) , 	(0.17g, 0.001 mol) was 
heated under ref lux in acetic anhydride (5.0 ml) for 3 h. 
The resulting solution was evaporated to give, a dark oil 
• (0.21 g) from which no identifiable material could be 
obtained. 
The Attempted Thermal Rearrangement of 1-Acetoxy-5-methyl-
1,2,4-triazolo(3,2-1-1,2,4-triaZirl-3(7H)-Ofle (654) 
A solution of the N-acetoxy derivative (654), 
(0.21 g, 0.001 mol) in 70% v/v aqueous ethanol (10.0 ml) 
was heated under reflux for 30 mm. 	The solution was 
cooled and scratched to afford a solid which was combined 
with a second crop obtained by evaporating the ethanol 
filtrate, to give the 1-hydroxytriazolotriazinone (653), 
(0.17 g, 99%), m.p. 223-5 ° , identical (m.p. and i.r. spectrum) 
with an authentic sample. 
A solution of the N-acetoxy derivative (654), 
(1.05 g, 0.005 mol) in glacial acetic acid (3.0 ml) was heated 
under ref lux for 20 mm. 	The resulting mixture was filtered 
to afford a small amount (0.03 g) of an unidentified solid 
m.p. > 300°, Vmax 3130 (NH), and 1700 br (CO) cm 1 
	Evaporation 
of the acetic acid filtrate gave a. residue which was triturated 
with ethyl acetate to yield an intractable brown solid, 
(0.28 g), m.p. 202-70, vmax 1705 (CO) cm- 1 , M,.151, which 
could not be purified for characterisation. 	Evaporation of 
the ethyl acetate mother liquor gave only a small amount of a 
brown gum (0.03 g). 
. - 
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The Attempted Reaction of the 1-droxytriazolotriazinone 
(653) with Toluene-p-sulphonyl Chloride 
A stirred solution of the 1-hydroxytriazolotriazinone (653), 
(0.34 g, 0.002 mol) in dry dioxan (25.0 ml) was treated 
dropwise with triethylamine (0.35 ml, 0.0025 mol) followed 
by a solution of toluene---su1phonyl chloride (0.42 g, 
0.0022 mol) in dry dioxan (1.0 ml) and the mixture was 
stirred at room temperature for 15 mm. 	The mixture was 
filtered and the filter cake was slurried with saturated 
aqueous sodium hydrogen carbonate solution (3.0 ml) to give 
a solid which as combined, with a second crop obtained by 
evaporating the dioxan filtrate and treating the residue 
with water (1.0 ml), to give 5-methyl-l-(toluene-p-sulphonyloxy)-
1,2,4-triazolo[3,2-]-1,2,4-triazin-3 (7H)-one (676), (0.67 g, 
99%), m.p. 120-70, Vmax  1730 (CO) cm 1 , [(CD3 ) 2Sol 2.30 
(311, s, Me); 2.42 (3H, s, Me), 7.32 (4H, q, ArH), and 9.38 
(1H, s, CU). 	An attempt to crystallise the N-tosyloxy 
compound (676) from ethanol-water resulted in the formation 
of the 1-hydroxytriazolotriazinone (653)., m.p. 220-5 ° , 
identical (m.p. and i.r. spectrum) with an authentic sample. 
The Attemtted Reaction of 4-Amino-3--hydroxyamino-6-methyl-
1,2,4-triazin-5(4H)-one (640a) with Phenacyl. Bromide 
A solution of the hydroxyaminotriazinone (640a), (0.31 g, 
0.002 mol) in ethanol (40.0 ml) was heated under reflux 
with phenacyl bromide (0.40 g, 0.002 mol) and sodium 
bicarbonate (0.30 g) for 15 h. 	The mixture was hot-filtered 
to remove the insoluble inorganic material, evaporated.,and 
the residue treated with water (4.0 ml) and extracted with 
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chloroform to give a red gum (0.24 g). 	Trituration of the red 
gum with ethyl - acetate afforded 1,4_dihydro-7-methyl -2(3) 
pheny1_1,2,4_triaZiflo[3,2_1_1r2,4_trz80ne (678), 
(0.02 g, 4%) as yellow plates, M.P. 277-8 ° (from glacial acetic 
acid), Vrnax 3280 (NH), and 1630 (CO)cm 1 . 
Found: M, 241.095629 (error < 4 p.p.m.). 
requires: N, 241.096354. 
The ethyl acetate mother liquor was evaporated to give a 
dark gum (0.22 g) which was shown by t.1.c. in ether over 
silica to be an unresolvable multicomponent mixture. 
During the extraction of the aqueous mother liquor 
with chloroform unchanged starting material (640a),(13%), 
M.P. 205-8° , identical (m.p. and i.r. spectrum) with an 
authentic sample, was precipitated from the mixture. 
The Attempted Reaction of 4_Amino-3 -hydrOXyarniflO 6 methYl 
1,2,4-triazin-5(4H) -ofle (640a) with Diethyl Oxalate 
The hydroxyamiflotriaZiflOfle (640a),(0.31 g, 0.002 mol) was 
heated under refiux for 30 min in diethyl oxalate (5.0 ml). 
The mixture was filtered to give a solid which was triturated 
with ethyl acetate to afford 1,4-dihydro-6-methyll,2,4 
triazino[3,2_1_12,4_triaZi2,3,8tr0 	(680), (0.06 g, 
15%) , M.P. 160-5 0 , V max 3450 br, 3260 br and 3140 (NH), 
and 1655 br (CO) cm 1 , 	, 195, C 6 H 5 N 5 0 3 
 requires M, 195. 
The diethyl oxalate filtrate was evaporated to give an orange 
oil (0.27 g) which xas shor.',n by t.l.c. in ether over silica 
to be an unresolvable multicomponent mixture. 
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The Attempted Reaction of 4-A.-nino-3-hydroxyamino - 6 -me thy l-
1,2,4-triazin-5(4H)-ofle (640a) with Oxalyl Chloride 
A solution of the hydroxyarninotriazinone (640a), (0.31 g, 
0.002 raol) in dry dioxan (50.0 ml) was heated under reflux 
with oxalyl chloride (0.28 g, 0.0022 mol) for 2.5 h. 	The 
solution was evaporated and the residue was treated with 
water (2.0 ml) to give a solid (0.26 g) which formed yellow 
plates, m.p. 270° (decomp.), (from dimethylformamide-water), 
V 	3420 (NH), 3260 (OH), and 1723 and 1700 (CO) cm 1 . max 
Found: 	C, 36.1; H, 5.0; N, 32.4%; M, 157. 
Work-up of the aqueous mother liquor gave no further 
material. 
The Attempted Reaction of 4-Amino--3-hydroxyamino-6-methyl-
1,2,47triazin-5(4H)-one (640a) with Bia2y! 
A solution of the hydroxyarninotriazinofle (640a), (0.16 g, 
0.001 mol) in ethanol (15.0 ml) was treated with biacetyl 
(0.09 g, 0.001 mol) and the resulting mixture was heated 
under reflux for 30 mm. 	Filtration afforded unchanged 
starting material (640a), (44%), m.p. 221-4 ° , identical 
(m.p. and i.r. spectrum) with an authentic sample. 
Evaporation of the ethanol filtrate and dissolution of 
the residue-in water (1.0 mi), followed by chloroform 
extraction of the aqueous acidic mother liquor directly 
and after neutralisation gave no further material. 
The Attempted Reaction of 4-A o-3-hydroxyamino-6--Itethyl-1 , 2, 4-triazin 
5(4H)-one (640a) with Glyoxal 
A solution of the hydroxyaminotriazinone (640a), (0.16 g, 0.001 rrol)in 
ethanol (50.0 ml) was heated under ref lux for 30 min with 40% w/v aqueous 
glyoxal solution (0.16 ml). Evaporation of the solution and trituration of 
the residue with toluene gave an orange solid (0.24 g), m. p. 60-6 ° , v max 
1 () hr (CO) cm 1 - On standincr overnicTht the solid changed to an intractable 
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dark gum which was shown by t.l.c. in ethyl acetate over silica to be an 
unresolvable rnu1ticorronent mixture. 
The Preparation of 6-Methyl-2-thiOmethylpyrimidifl-4(3H)-Ofle (702) 
6_Methyl_2-thiomethylPYrimidin-4(3H) -one (702) was prepared by 
the method of Brady and Herbst in quantitative yield,m.p. 222 ° 
(lit., 205  222°). 
The Preparation of 6-14ethyl-3-thiomethyl-1, 2, 4-triazin--5(4H) - 
one (700) 
6-Methyl-3-thiomethyl-1,2,4-triaZifl-5(4H) -Ofle (700) was prepared 
by the method of Gut, Prystas and Jonas, (yield 60%), m.p. 220-2 ° 
(lit. 207 222-4°) 
The Preparation of 2-Hydroxyamino-6-methylpyrimidin-4 (3H) -one 
(703) 
The thiomethylpyrimidinone (702), (6.2 g, 0.04 mol) was dissolved 
in a 1 M solution of hydroxylamine in methanol (80.0 ml), 
prepared as described previously, 	and the solution was 
heated under ref lux for 6 h. 	The mixture was filtered to 
give the hydroxyaminopyrimidinone (703), m.p. 233-8 ° (lit., 204 
233° ) , V 	3310 (NH) , 3160 br (OH) , and 1710 (CO) cm- 1 max 
The methanol filtrate was evaporated and the residue was 
treated with water (15.0 ml) and just acidified with glacial 
acetic acid to give unchanged starting material (702),(19%).. 
m.p. 210-40 , identical (m.p. and i.r. spectrum) with an 
authentic sample. 	The aqueous mother liquor was evaporated 
and the residue was extracted with boiling super-dry ethanol 
(200 ml) to leave insoluble inorganic material. 	Evaporation 
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of the ethanol extract gave the pyriraidinone (703) , which was 
combined with the first crop (total 3.7 g, 65%), m.p. 226_2310. 
The Reaction of 2-Hydroxyamino-6-methyl-pyrirnidin-4(3H)-one (703) 
with Acetic Anhydride 
The hydroxyaminopyrimidinone (703), (0.42 g, 0.003 mol) was heated 
in acetic anhydride (2.2 ml) at 1000  for 30 min and the solution 
was allowed to cool to room temperature during 20 mm. 
Filtration of the mixture gave the product I,(0.26 g, 47%) which 
formed colourless plates, m.p. 250-1 ° (from water), "max  3120 br 
(NH,OH),and 1740 (CO) cm- 1, 61 (CD 3 ) 2SO) 2.02 (3H, s, Me), 
2.10 (3H, s, Me), 2.14 (3H, s, Me), 5.07 (lii, s, ArH), 5.18 
(111, s, ArH)., 9.96 (lH, br s, NH), and 10.67 (1H, br s, OH). 
The product I showed . a single spot when subjected to t.1.c. 
in ether or methanol over silica. 
Found: C, 46.2; H, 5.0; N, 23.0%; M+,  183. 
C 7H 9N 303 requires: C, 45.9; H, 4.9; N, 23.0%; M, 183. 
The acetic anhydride filtrate was evaporated to afford a 
diacetylated product, (0.15 g, 22%) which formed colourless 
plates, m.p. 143-4° (from toluene), Vmax  1780 and 1706 (CO) cm-1 . 
Found: C, 47.8; H, 4.8; N, 18.0%; M+,  183. 
c9!11324_requires: C, 48.0; H, 4.5; N, 18.7%; M, 225. 
The Attemnted Peactthn of 2_Hydroxyamifl06methYlPYd1 
4(3H)-one (703) with Ethyl Acetoacetate 
(a) A suspension of the hydroxyarainopyrimidinone (703), 
(0.28 g, 0.002 mol) in glacial acetic acid (4.0 ml) was heated 
under reflux with ethyl acetoacetate (0.31 g, 0.0024 mol) for 
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4 h, during which time it dissolved to give a dark red solution. 
The mixture was filtered to give an unidentified solid, 
(0.09 g), m.p. > 3100, "max 3310 (NH), 3170 br (OH), and 
1710 (co) cm 1 , which was dissolved in water (0.2 ml) and 
acidified with glacial acetic acid but gave no material. 
The acetic acid filtrate was evaporated and the residue 
was triturated with ethyl acetate to give an intractable 
brown solid,(0.15 g), m.p. 137-143°, V 
max 
 3310 (NH), 3160 
br (OH), and 1710 and 1660 (CO) cm - 	could not be 
purified for characterisation. 
A solution of the hydroxyaminopyrimidinone (703), 
(0.28 g, 0.002 rnol) in absolute ethanol (100 ml) was heated 
under reflux with ethyl acetoacetate (0.29 g, 0.0022 mol) 
and piperidine (0.05 ml) for 24 h. 	Filtration •gave some 
unidentified solid (0.09 g), m.p. > 310° . 	The ethanol 
filtrate was evaporated and the residue was triturated with 
ethyl acetate to yield unreacted starting material (703), 
(36%), m.p. 226-30° , identical (m.p. and 1. r. spectrum) with 
an authentic sample. 
A suspension of the hydroxyaminopyrimidinone (703), 
(0.56 g, 0.004 mol) in ethyl acetoacetate (10.0 ml) was 
heated under ref lux for 3 h, during which time the solid 
(703) dissolved to give a yellow solution which gradually 
became brown in colour. 	The mixture was filtered to afford 
a solid which on rubbing with ethanol gave an unidentified 
° product (0.09 g), m.p. > 300. 	Evaporation of the toluene 
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filtrate gave a brown gum (0.34 g) from which no identifiable 
material could be obtained. 
The Attempted Reaction of 2-Hydr6xyamino-6-methylpyrimidifl-
4(3)-one (703) with Acetylacetone 
A solution of the hydroxyaminopyrimidinone (703), (0.28 g, 
0.002 mol) in glacial acetic acid (4.0 ml) was heated under 
reflux with acetylacetone (0.21 g, 0.0021 mol) for 4 h. 
Evaporation and trituration of the residue first with ethyl 
acetate and then with ethanol gave a solid (0.08 g), m.p. 
226-9°, Vmax 1730 (CO) cm', M, 125, which could not be 
purified for characterisation. 	2-Amino-6-methylpyrimidin-4 
(3H)-one (712) m.p. 282_2840206  requires M, 125. 	The ethyl 
acetate mother liquor was evaporated to give a red gum 
(0.04 g) which was shown by t.1.c. in ether over silica to 
be an unresolvable three component mixture. 
The Attempted Reaction of 2-Hy4roxyarnino-6-methyipyrimidin-4 
(311)-one (703) with Chioroacetone 
(a) A solution of the hydroxyaminopyrimidinone (703), 
(0.28 g, 0.002 mol) in Analar acetone (60.0 ml) was treated 
with anhydrous potassium carbonate (2.2 g) followed by 
chloroacetone (0.18 g, 0.0022 mol) and the resulting 
mixture was heated under reflux for 6 h. 	Filtration gave 
a solid (2.1 g) which was dissolved in water (5.0 ml), just 
acidified with aqueous dilute hydrochloric acid, 
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neutralised with solid sodium acetate and evaporated. The 
residue was extracted with boiling super-dry ethanol to 
yield an orange solid (0.22 g), m.p. 285-70, Umax  3300 br and 
3150. br (NH), and 1700 and 1655 (CO) cm 1, which could not be 
purified for characterisation. 	The acetone filtrate was 
evaporated to give a residue which was dissolved in water 
(5.0 ml), acidified with aqueous dilute hydrochloric acid 
and extracted with chloroform to give a negligible amount 
of a yellow oil. 	Neutralisation of the aqueous mother 
liquor and extraction with chlOroform gave no further material. 
(b) A solution of the hydroxyaminopyrimidinone (703), 
(0.42 g, 0.co3mol) in dry dimethylformamide (40.0 ml) was 
added to a vigorously stirred suspension of sodium hydride 
(0.16 g, 0.0066 mol) in dry dimethylformamide (5.0 ml) and 
the mixture was stirred at room temperature for 15 mm 
before chioroacetone (0.31 g, 0.0033 mol) was added and 
stirring continued for 17 h. 	The mixture was filtered to 
remove insoluble inorganic material and the dimethylformamide 
filtrate was concentrated to approximately 10 ml and diluted 
with water (40.0 ml). 	The resulting solution was neutralised 
with aqueous dilute hydrochloric acid and extracted with 
chloroform to give an intractable brown gum (0.25 g) from which 
no identifiable material could be obtained. 
The aqueous mother liquor was evaporated and the residue 
was extracted with boiling super-dry ethanol (10.0 ml) to 
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afford a soli.d (0.19 g), rn.p. 246-8°, VmaX 3270 and 3110 
(NH), and 1650 br (CO) cm 1 , M, 125. 	2-Amino-6-methyl-- 
pyrirnidin-4(3H)-one (712) has m.p. 282-284° 206 M, 125. 
The Reaction of 2-Hydroxyamino-6-methylpyrimidin-4 (3H) -one 
(703) with Chioroacetyl Chloride 
A solution of the hydroxyaminopyrimidinone (703), (0.28 g, 
0.002 rnol) in dry dimethylformamide (50.0 ml) was heated 
at 100° with chioroacetyl chloride (0.28 g, 0.0025 mol) and 
fused' sodium acetate (0.26 g) for 1 h. 	Evaporation of the 
mixture and treatment of the residue with water (10.0 ml) 
gave the product J, (0.45 g, 99%) which formed colourless 
plates, m.p. 200-2° (from glacial acetic acid-water) 
3215 (OH), and 1760 and 1663 (CO) cm. 
Found: C, 38.4; H, 3.8; N, 19.0%; M, 219,217. 
"7118 30 3C' requires: C, 38.6; H, 3.7; N, 19.3%; M, 219,217. 
The Attempted Reaction of the Product with Acetic Anhydride 
The product J,(0.22 g, 0.001 mol) was heated in acetic 
anhydride (3.0 ml) at 1000  for 10 min and the solution 
obtained was allowed to cool to room temperature during 
20 mm. 	Filtration gave unreacted product J, (39%), 
m.p. 191-5° , identical (m.p. and i.r. spectrum) with an 
authentic sample. 	The acetic anhydride filtrate was 
evaporated and the residue was azeotroped with toluene to 
yield a diacetylated product, (27%), m.p. 138-143 0 , 
identical (m.p. and i.r. spectrum) with a sample prepared 
before. 
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The Attempted. Cyclisation of the Producta Using Potassium 
Carbonate 
A solution of the product J, (0.43 g, 0.002 mol) in Analar 
acetone (100 ml) was heated under ref lux with anhydrous 
potassium carbonate (2.1 g) for 4 h with the exclusion of 
atmospheric moisture. 	The mixture was filtered to remove 
insoluble inorganic material and the filtrate was evaporated 
to give a residue,which was treated with water (5.0 ml) to 
afford the hydroxyaminopyrimidinone (703),(20%), m.p. 
227-230° , identical (m.p. and i.r. spectrum) with an authentic 
sample. Work-up of the aqueous mother liquor gave no 
further material. 
The Attempted Reaction of 6-Methyl-2-thiomethyipyrimidin-
4(3H)-one (702) with Chioroacetone 
(a) A solution of the thiomethylpyrimidinone (702), 
(0.30 g, 0.002 mol) in Analar acetone (200 ml) was heated 
under ref lux with chioroacetone (0.18 g. 0.002 mol) 
and anhydrous potassium carbonate (2.1 g) for 4 h with 
the exclusion of atmospheric moisture. 	The mixture was 
filtered to remove inorganic material and evaporated, and 
the residue was dissolved in water (5.0 ml) and extracted 
with chloroform to give a yellow oil (0.28 g). 	This was 
shown by t.1.c. in ether over silica to be a close-running 
three component mixture containing mainly chioroacetone. 
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b) A solution of the thiomethylpyriniidinone (702), 
(0.47 g, 0.003 mol) in dry dimethylformamide (20.0 ml) 
was added to a vigorously stirred suspension of sodium 
hydride (0.16 g, 0.0066 mol) in dry dimethylformamide 
(5.0 ml) and the resulting mixture was stirred at room 
temperature for 15 min before chioroacetone (0.31 g, 
0.0033 mol) was added and stirring continued for 17 h. 
The solution was evaporated and the residue was dissolved 
in water (3.0 ml), washed with chloroform and just acidified 
with glacial acetic acid to give unchanged starting material 
(702),(64%), m.p. 214-6° , identical (m.p. and i.r. spectrum) 
with an authentic sample. 	Work-up of the aqueous mother 
liquor gave no further material. 
The Reaction of 6-Methyl737thiomethyl-1,2,4-triazin-5(4H) - 
one (700) with Hydroxylamine 
(a) A solution of the thiomethyltriazinone (700), 
(1.5 g, 0.01 inol) in a 1 M rnethanolic hyroxylamine solution 
(40.0 ml) (prepared as described previously) was 
stirred at room temperature for 6 h, during which time two 
further 40.0 ml portions of a 1 M methanolic hydroxylamine 
solution were added (the second after 4 h). 	The solution 
was evaporated and the residue was dissolved in water 
(10.0 ml) and just acidified with glacial acetic acid to 
give unchanged starting material (700),(66%), m.p. 214-7 0 , 
identical (m..p. and i.r. spectrum) with an authentic sample. 
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(b) A solution of the thiomethyltriazinone (700), 
(4.5 g, 0.032 mol) in ethanol (320 ml) was heated under 
ref lux with a solution of hydroxylamine hydrochloride 
(19.2 g) and anhydrous sodium acetate (19.2 g) in water 
(80.0 ml) for 4 h. 	The mixture was filtered to remove 
inorganic material and the ethanol filtrate was evaporated 
and the residue treated with water (40.0 ml) to give a 
solid. This was combined with a second crop obtained by 
evaporating the aqueous mother liquor, extracting the residue 
with boiling super-dry ethanol and recrystallising the gum 
so obtained from water, to give 3-hydroxyamino-6-methyl-
1,2,47triazin-5(4H)-one (701) as the monohydrate (3.8 g, 
84%) which formed colourless plates, m.p. 222-330 ° (decomp.) 
(lit.,  196  210-330° gradual decomp.), Vmax  3360 and 3140 
br (NH,OH) and 1670 (CO) cm - 1 
Found: C, 29.8; H, 4.9; N, 34.5%; M, 142. 
~9-4 110422 --H2 
0 requires: C, 30.0; H, 5.0; N, 35.0%; M, 142. 
The Reaction of 3-Hydroxyamino-6-methyl-1,2 , 4-triazin-5 (4H) - 
one (701) with Acetic Anhydride 
The hydroxyaminotriazinone (701), (0.28 g, 0.0018 mol) was 
heated in acetic anhydride (4.0 ml) at 100° for 10 min and 
the solution obtained was allowed to cool to room temperature 
during 20 mm. 	Filtration gave a solid which was combined 
with a second crop obtained by evaporating the acetic 
anhydride filtrate and triturating the residue with ethyl 
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acetate, to-afford 3- (-acetylhydroxyamino) -6-methyl-
1,2,4-triazin-5(4H)-one (724) ,(O.24 g, 72%) which formed 
colourless plates, m.p. 211_40  (from ethanol-water), 
V 	3200 br (OH), and 1747 (CO) cm- 
1,  [(CD3)2SO] 2.02
max 
(3H, s, Me), and 2.09 (3H, s, Me). 
Found: C, 39.1; H, 4.3; N, 30.5%; M, 184. 
208H423 requires: C, 39.1; H, 4.3; N, 30.4%; M, 184. 
The Attempted Reaction of 3-Hydroxmino-6-methyl-1,2, 4-
triazin-5(4H)--one (701) with Acetylacetone 
A solution of the hydroxyaminotriazinone (701), (0.32 g, 
0.002 mol) in glacial acetic acid (15.0 ml) was heated 
under reflux with acetylacetone (0.21 g, 0.002 mol) for 
4 h. 	The solution was evaporated and the residue was 
triturated with ethyl acetate and filtered to remove some 
gummy solid (0.09 g). 	Evaporation of the ethyl acetate 
mother liquor and trituration of the residue with toluene 
gave a low yield of an unidentified brown solid (0.03 g), 
m.p. 190-2°, Vmax  1662 and 1635 (CO) cm 1 . 
The Preparation of 2-0ximinobeny1acetonitrile (744) 
2-Oximinobenzoylacetonitrile (744) was prepared by the method 
of Wolff and Oneto, (yield 69%), m.p. 114-9 ° (lit., 212 
118-9° ). 
The Preparation of 3-Amino-4-nitroso-57phenylpyrazo]-e (746a) 
A solution of the oxime (744), (0.70 g, 0.004 mol) in 
methanol (25.0 ml) was heated under ref lux with 85% w/w 
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aqueous hydrazine hydrate solution (1.0 ml) and the solution 
was heated under reflux for 30 mm. 	Evaporation of the 
solution and treatment of the residue vith water (2.0 ml) 
gave the 3-amino-4--nitrosopyrazole (746a\),(0.38 g, 51%) 
which formed orange plates, m.p. 268-270
0
(from ethanol) 
(lit. ,213 273°) 	max 3380, 3260 and 320  	H) cm'. 
Found: C, 57.3; H, 4.2; N, 29.5\; M, 188. 
Caic. for C9H 8N 40: C, 57.4; H, 4.2; N, 29.8%\M f 188. 
The Catalytic Hydrogenation of 3-Amino-4-nitroso-5-phenyl-
pyrazole (746a) 
A solution of the pyrazole (746a),(0.38 g, 0.002 mol) in 
ethanol (250 ml) was hydrogenated over 10% palladium-on-
charcoal (0.04 g). 	The mixture was filtered and evaporated 
and the residue was triturated with ethyl acetate to afford 
unchanged starting material (746a) 1 (37%), m.p. 262-5° , 
identical (m.p. and i.r. spectrum) with an authentic sample. 
The ethyl acetate mother liquor was evaporated to give a gum 
(0.18 g) which was heated under reflux for 30 min with 
diethyl oxalate (2.5 ml). 	Filtration of the mixture gave 
3-pheny1pyrazolo[3, 4- ]PYraZifl 5 , 6 ( 3H, 7H)diOfle (750) ,(0.07 g, 
29%) which formed colourless plates, m.p. 338-340
0  (from 
ethanol-glacial acetic acid), v max  1705 br and 1690 br 
(CO) cm 
Found: 	C, 53.8; H, 4.0; N, 22.4%; 	M, 228. 
requires: 	C, 53.7; H, 4.1; N, 22.8%; 	M, 	228. 
-250- 
The filtrate was evaporated to give a dark gum (0.09 g) 
which was shown by t.l.c. in ether over silica to be an 
unresolvable multicomponent mixture. 
The Preparation of 5-Amino-1, 3-diphenyl-4-nitrosopyrazole 
(746b) 
(a) A solution of the oxime (744),(0.70 g, 0.004 mol) 
in methanol (25.0 ml) was heated under ref lux with freshly 
distilled phenyihydrazine (0.40 ml, 0.004 mol) for 30 mm. 
The solution was evaporated and the residue was treated 
with water (5.0 ml) and extracted with chloroform to give 
a dark gum,which on trituration with toluene afforded 
2-oximino-3-phenyl-3-phenylhydrazonopropionitrile (745b) 
(0.40 g, 38%) as yellow needles, M.P. 150-20  (from toluene), 
V 	3300 (NH), and 3200 br (OH) cm - max
1. 
Found: C, 67.8; H, 4.5; N, 21.0%; M, 264. 
15.12!49 requires: C, 68.2; H, 4.6; N, 21.2%; M, 264. 
The toluene mother liquor was evaporated and the residue 
was rubbed with ethyl acetate to give 5-amino--1,3-diphenyl-
4-nitrosopyrazole (746b) / (O.09g, 8%) which formed red plates, 
M.P. 210-11° (from ethyl acetate), (lit. ,208  207), max 
3340 and 3260 (NH) cm* 
Found: 	C, 68.6; H, 4.6; N, 20.8%; M+,  264. 
Calc. for C 15H 12 N40: 	C, 68.2; H, 4.6; N, 21.2%; M, 	264. 
The ethyl acetate filtrate was evaporated to give a dark gum 
(0.40 g) which was shown by t.l.c. in ether over silica to 
be an unresolvable multicoponent mixture. 
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A suspension of the hydrazone (745b),(0.38 g, 0.0014 mol) 
in glacial acetic acid (3.0 ml) was heated under reflux for 
30 mm. 	Filtration of the mixture gave a solid which was 
combined with a second crop obtained by evaporating the acetic 
acid filtrate, to yield the 5-amino-4-nitrosopyrazole (746b), 
(0.34 g, 89%), m.p. 204-9 
0
, identical (m.p. and i.r. spectrum) 
with an authentic sample. 
(b) An authentic sample of 5-Amino-1,.3-diphenyl-4-
riitrosopyrazole (746b) was.prepared by the method of Cusmano, 
(yield 67%) m.p. 197-8
0 
	 , (lit. 208 207). 
The Attempted Reaction of the 3-Amino-4--nitroso2yrazole .(746a) 
with Diethyl Oxalate 
The pyrazole (746a),(0.38 g, 0.002 mol) was suspended in 
diethyl oxalate (5.0 ml) and the mixture was heated under 
reflux for 30 mm. 	Filtration gave a solid which was 
combined with a second crop obtained by evaporating the 
filtrate and triturating the residue with ethyl acetate,. to 
afford unchanged starting material (746a), (61%), m.p. 
266-9 0 , identical (m.p. and i.r. spectrum) with an authentic 
sample. Evaporation of the ethyl acetate filtrate gave only 
a small amount of a dark gum (0.06 g). 
The Attempted Reaction of the 5-Amino-4-nitrosopyrazole (746b) 
with Acetylacetone 
(a) A solution of the pyrazole (746b),(0.26 g, 0.001 mol) 
in absolute ethanol (70.0 ml) was treated with acetylacetone 
(0.10 g, 0.001 mol) followed by plperidine (0.04 ml) and the 
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resulting solution was heated under reflux for 17 h. 
Evaporation gave a gum, which was triturated with toluene 
to afford a solid. 	This was combined with a second crop 
obtained by evaporating the toluene filtrate and triturating 
the residue with toluene-light petroleum (b.p. 80_10
0 )  to 
yield unchanged pyrazole (746b),(96%), in. p. 20.6-9 ° , identical 
(m.p. and i.r. spectrum) with an authentic sample. 
(b) A solution of the pyrazole (746b), (0.52 g, 0.002 mol) 
in glacial acetic acid (8.0 ml) was heated under ref lux with 
acetylacetone (0.20 g, 0.002 mol) for 22 h. 	The mixture was 
filtered to afford 5-acety1-1,3-diphenyl-6-methy1pyrazolo 
[ 3 , 4-j1pyrazine (753), which formed orange needles, m.p. 
220-3 ° [from light petroleum (b.p. 80-100° ) - toluene], 
max 1692 (CO) cm- 1. 
Found: C, 73.5; H, 5.0; N, 16.6%; M+,  328. 
20.164 requires: C, 73.2; H, 4.9; N, 17.1%; M, 328. 
The insolubility of this product in (CD 3 ) 2S0 precluded 
the measurement of its 1H n.m.r. spectrum. 
The acetic acid filtrate was evaporated and the residue 
was triturated with toluene to give unchanged starting 
material (746b),(40%), m.p. 198-201° , identical (m.p. and 
i.r. spectrum) with an authentic sample. 
The toluene mother liquor was evaporated and the residue 
was triturated with ethyl acetate to give a further crop of 
5-acety1-1,3-dipheny1-6-rnethylpyrazolo[3,4-]pyrazine (753), 
m.p. 216-220° , identical (m.p. and i.r. spectrum) with the 
previous sample. 	The total yield of the product (753) was 
(0.1 g, 	15%). 
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Evaporation of the ethyl acetate mother liquor gave 
a dark gum (0.21 g) which was shown by t.1.c. in ether over 
silica to be an unresolvable multicomponent mixture. 
The Attempted Reaction..of the 5-Amino-4-nitrosopyrazole 
(746b) with Ethyl.Acetoacetate 
A solution of the pyrazole (746b),(0.52 g, 0.002 mol) 
in ethanol (60.0 ml) was treated with ethyl acetoacetate 
(0.26 g, 0.002 mol) followed by concentrated hydrochloric 
acid (1 drop). 	The resulting solution was heated under 
ref lux for 16 h before being filtered to give an unidentified 
orange solid (0.02 g) -m.p. > 310
0 . 	Evaporation of the 
ethanol filtrate and treatment of the residue with water 
(5.0 ml) gave a gummy solid which on recrystallisation from 
toluene afforded unchanged pyrazole (746b),(90%), m.p. 
198-200° , identical (m.p. and i.r. spectrum) with an authentic 
sample. 	Evaporation of the toluene mother liquor gave only.a small 
amount of an orange gum (0.03 g) 
A solution of the pyrazole (746b), (0.52 g, 
0.002 mol) in toluene (50.0 ml) was treated with ethyl 
acetoacetate (0.26 g, 0.002 rnol) and the solution was heated 
under reflux for 3 h with distillation to remove any water 
formed. 	Filtration gave a solid which was combined with a 
second crop obtained by evaporating the toluene filtrate and 
triturating the residue with toluene, to give unchanged 
- 	 0 starting material (746b),(88-0  ), m.p. 198-201 1 identical 
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(m.p. and i.r. spectrum) with an authentic sample. 
Evaporation of the toluene mother liquor gave only a small 
amount of gum (0.08 g). 
(c) A solution of the pyrazole (746b),(0.52 g, 0.002 mol) 
in ethyl acetoacetate (35.0 ml) was heated under reflux for 
17 h. 	Evaporation of the solution and trituration of the 
residue with toluene afforded an unidentified orange solid 
(0.03 g), m.p. 192-7°, Vmax 1750 and 1720 (CO) cm', M, 464. 
The toluene mother liquor was evaporated and the residual 
orange gum (1.37 g) was chromatographed over alumina. Elution 
with 30% v/v toluene-light petroleum (b.p. 80-100 °) gave a 
yellow solid (0.01 g), m.p. 110-5 ° , N) max1720 (CO) cm- 1 
M, 286, followed by 1,3-diphenyi-5-ethoxycarbonyl-6-methyl-
pyrazoio[ 3 , 4- ]pyrazine (757),(0.09 g, 13%) as pale yellow 
plates, m. p. 110-2° [from light petroleum (b.p. 80-100° )], 
Vmax 1715 (CO) cm 1 , ó[(CD 3 ) 2SO] 1.32 (3H 7 t, Me), 2.77 
(3H, s, Me) , 4.36 (2H, q, CH 2 ) , 7.24-7.57 (5H, m, C 6H 5 ) , and 
7.90-8.50 (511, m, C 6H 5 ) 
Found: C, 70.8; •H, 5.1; N, 15.6%; M, 358. 
23.18422 requires: C, 70.4; H, 5.0; N, 15.6%; M, 	358. 
Further elution with 50% v/v toluene-light petroleum 
(b.p. 80-100° ) gave a negligible amount of an oily yellow 
solid. 	Subsequent elution with 20% v/v chloroform-toluene 
gave an orange oil (0.10 g) which was shown by t.1.c. in 
ether over silica to be a close-running three component 
mixture. 	Final elution with 50% v/v chloroform-toluene 
-255- 
gave an orange gum (0.25 g) which was triturated with toluene 
to give the iraidazole (759) or the diazepinone(760), (0.08g,13%) which 
formed yellow needles, rn.p. 235-8
0  [from light petroleum 
(b.p. 80_10
0 )], V 	1692 br (CO) cm', S[(CD 3 ) 2 S0] 3.28 max
(3H, s, Me) , 3.38 (2H, s, CH 2 ) , and 7.26-8.14 (1OH, m, 2C 6 H 5 ) 
Found: C, 72.2; H, 5.1; N, 17.2%; M+ , 316. 
19!1640 requires: C, 72.2; H, 5.1; N, 17.7%; M, 316. 
Evaporation of the toluene mother liquor afforded a 
red gum (0.12 g) which was shown by t.l.c. in ether over 
silica to be an unresolvable multicoraponent mixture. 
The Attempted Reaction of the 3-Aminc.-4---nitrosopyrazole 
(746a) with Triethyl Orbhoforrnate 
A suspension of the pyrazole (746a) 1 (0.38 g, 0.002 mol) in 
triethyl orthoformate (2.5 ml) was heated under ref lux for 
2.5 h. 	Filtration gave unchanged starting material (746a), 
(26%), m.p. 260-2 ° , identical (m.p. an(I i.r. spectrum) with 
an. authentic sample. The triethyl orthcormate filtrate was 
evaporated to give a gum, which was triturated with ethanol 
to afford some unidentified solid (0.05 g), m.p. 155 ° 
(decomp.), vmax 3160 br (NH) cm1, M+,  216. 	The ethanol 
mother liquor was evaporated to give a dark gum (0.24 g) 
which was shown by t.1.c. in ether over silica to be an 
unresolvable raulticomponent mixture containing unchanged 
starting material (746a). 
-253- 
The Attempted Reaction of the 5-Amino-4-nitrosopyrazole 
(746b) with Triethyl Orthoformate 
A solution of the pyrazole (746b),(0.34 g, 0.0013 mol) in 
triethyl orthoformate (15.0 ml) was heated under reflux for 
16 h. 	The mixture was filtered to give an unidentified 
orange solid (0.015 g), m.p. > 310° (from glacial acetic 
acid-diméthylformamide), v max 
 1740 br (CO) cm 1 , M, 464. 
Evaporation of the triethyl orthoformate filtrate gave a 
gum which was chromatographed over alumina. 	Elution with 
30% v/v toluene-light petroleum (b.p. 80-100°) afforded 
an unidentified brown solid (0.02 g), m.p. 90-5°, Vmax 2235 
(CE-N),. and 1710 (CO) cm- 1. 	Further elution with toluene 
and toluene-chloroform gave only small amounts of brown gums. 
The Attempted Reaction of the 5-Amino-4-nitrosopyrazOle 
(746b) with Benzaldehyde 
A solution of the pyrazole (746b), (0.52 g, 0.002 mol) in 
dry toluene (50.0 ml) was treated with benzaldehyde (0.42 g, 
0.004 mol) and toluene-E-sulphonic acid (0.02 g) and the 
resulting solution was heated under reflux in a Dean and 
Stark apparatus until no more water distilled (2.5 h). 
Filtration gave a solid which was combined with a second 
crop obtained by evaporating the toluene filtrate and 
triturating the residual gum with toluene, to give unchanged 
starting material (746b), (42%), m.p. 198-203 ° , identical 
(m.p. and i.r. spectrum) with an authentic sample. 	The 
toluene mother liquor was evaporated to give a dark gum 
(0.33 g) which was shown by t.1.c. in ether over alumina 
to be an unresolvable eight component mixture. 
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The Attempted Reaction of the 5-Amino--4-nitrosopyrazole 
(746b) with Phenyl Isocyanate 
A solution of thepyrazole (746b), (0.52 g, 0.002 mol) in 
dry dimethylformamide (3.0 ml) was treated with phenyl iso-
cyanate (0.24 g, 0.002 mol) and the stoppered solution was 
left at room temperature for 17 h. 	Treatment of the solution 
with water (15.0 ml) and extraction with methylene chloride 
afforded a dark gum which was triturated with toluene to give 
1,3-diphenylurea (0.17 g), m.p. 232 ° , (lit., 214  238-9°), 
max 3320 and 3280 (NH), and 1696 (CO) cm 1 . 	Evaporation of 
the toluene mother liquor and retrituration of the residue 
with toluene gave 1,3 -dipheny1pyrazo1o[3,4 - ] -- 1,2,5 -oxadiazin-
6-one (767),(0.23 g, 40%) which formed red needles, m.p. 
160-2 ° [from toluene-light petroleum (b.p. 80-100°)], vmax 
1765 (CO) cm. 
Found: C, 66.6; H, 3.8; N, 18.5%; M, 290. 
requires:________ 	C, 66.2; H,.3.5; N, 19.3%; M, 290. 
The toluene mother liquor was evaporated to give a gum 
(0.21 g) which was shown by t.1.c. in ether over silica to be 
an unresolvable multicomponent mixture. 
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General Experimental Details 
Infrared spectra were measured for Nujol suspensions using 
a Perkin-Elmer 157G Spectrophotometer. Bands were strong and 
sharp, unless otherwise specified (br) as broad. 
Nuclear magnetic resonance spectra were measured at 100 MHz 
using a Varian H.A. 100 instrument or at 60 MHz using a Varian 
E.M. 360 instrument. 	Signals were sharp unless otherwise 
specified (br) as broad; s = singlet; d = doublet; dd = double 
doublet; t = triplet; q = quartet; m = multiplet. Tetramethyl-
silane was used as an internal standard throughout. 
Mass spectra were measured at 70 eV using an A.E.I. MS902 
instrument or at 60 eV using a V.G. Micromass 12 instrument. 
Microanalyses were carried out by Mr. J. Grunbaum, 
Department of Chemistry, University of Edinburgh. Melting points 
of all analytical samples were determined using a Koffler hot-
stage microscope, and are uncorrected. 
All yields are based on unrecovered starting material. 
All organic extracts were dried over anhydrous magnesium 
sulphate prior to evaporation. 	Solvents were of technical 
grade, unless otherwise specified. Benzene was sodium-dried 
and light petroleum had b.p. 60-80 0  
Aqueous dilute sodium hydroxide and hydrochloric acid were 
2M. 
Wet column chromatography was carried out over Fisons' 
(80-200 mesh) silica gel or 5% deactivated alumina. 
Dry column chromatography was carried out over silica 
[Merck Kieselgel G.F. 254 (Type 60), activity III] or alumina 
[Merck G.F. 254 (Type E), activity III]. 
Thin layer chromatography (tl.c.) was carried out over 
silica [Merck Kieselgel G.F. 254 (Type 60), activity III] 
or alumina [Merck G.F. 254 (Type E), activity III]. 
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